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ABSTRACT 

Recent design studies have indicated that the stoppable rotor 
aircraft concept offers a very effective solution for satis- 
fying V/STOL missions requiring a combination of relatively 
low downwash characteristics, good hv-^er efficiency, and 
relatively high cruise speeds and cruise efficiency.  In par- 
ticular, the stowed-tilt-rotor stoppable-rotor concept offers 
great potential for three missions:  1) high-speed long-range 
rescue, 2) capsule recovery, and 3) VTOL medium transport. 

The Boeing Company, under USAF Flight Dynamics Laboratory 
Contract F33615-69-C-1577, is conducting a program of para- 
metric design, analysis, and wind-tunnel testing to establish 
design criteria for the stowed-tilt-rotor stoppable-rotor 
concept. 

The program is being conducted in two phases.  Phase I coders 
parametric design studies to provide basic information on the 
size and configuration of aircraft required to fulfill three 
basic mission requirements and two multimission requirements. 
These parametric studies provide an appreciation of the com- 
promises which result from multimission application.  A base- 
line aircraft is then selected to provide a basis for various 
tradeoffs and preliminary component design studies.  The Phase 
I studies provide the background needed to plan the Phase II 
program of wind tunnel testing and analysis to establish design 
criteria for the stowed-tilt-rotor concept. 

Volume 1 of this report covers the first part of the Phase I 
studies including the basic mission designs, the multimission 
designs, the selection of a baseline aircraft, the basic char- 
acteristics of this baseline aircraft, and mission and technol- 
ogy tradeoffs.  Volume 2 covers the preliminary component design 
studies. 

The current study indicates that there is reasonable compati- 
bility between the rescue and capsule recovery aircraft because 
their speed capabilities and required useful loads are similar. 
However, a much larger aircraft is required to accommodate all 
three missions,  (A reduction in cargo box size for the trans- 
port mission can however provide a single compromise airframe 
size.)  Consequently, a baseline configuration has been selected 
with a common lift/propulsion system combined with different 
ftiselaqes for rescue aircraft and medium transport aircraft. 
The compromise made in the transport fuselage box size still 
provides a capacity in excess of most current medium transports, 
both helicopter and fixed-wing.  The preliminary component de- 
sign studies have generally confirmed the practicality of the 
concept and have not revealed any serious problem areas. 

1X1 
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SECTION I 

INTRODUCTION 

VTOL concepts which retain the helicopter's advantage of 
relatively low disc loading without overly compromising the 
high-speed cruise characteristics ha/e shown promise of high 
effectiveness in certain mission.  Many comparative studies in 
recent years have pointed to the stoppable rotor, and in par- 
ticular to the stov;ed tilt rotor, as the concepts providing 
the greatest potential for three missions:  1) high-speed long- 
range rescue, 2) capsule recovery, and 3) VTOL transport. 

The stowed-tilt-rotor concept hovers and makes a transition to 
forward flight with the rotor shaft horizontal, in the same man- 
ner as a pure tilt-rotor aircraft.  However, when the aircraft 
reaches a conversion speed of the order 120 to 180 knots, the 
rotors are feathered and stopped, and the blades are folded back 
into wing-tip-mounted nacelles.  Power is provioed by convertible 
engines which are capable of providing shaft power for the rotor 
drive or fan power for cruise flight with the rotors folded. 

The stowed tilt rotor has other advantages which are natural 
fallouts of the configuration.  For example, vulnerability is 
drastically reduced in the cruise mode compared to VTOL concepts 
which rely on rotor or propeller systems for cruise propulsion. 
The stowed tilt rotor  in sustain damage which renders the rotor 
blades, hubs and conti Is, rotor transmission system, and two 
of four engines inoperative and still return to make a conven- 
tional landing with the rotors stowed.  The small proportion of 
rotor driven mode flight time (from five- to twenty-five percent 
of total flight time, depending on the mission) will reduce 
maintenance cost and bring overhaul time of the rotor-associated 
system in line with airframe overhaul periods.  In addition, 
failure of the nacelle tilting mechanism does not force the 
aircraft to make a landing which involves heavy rotor or pro- 
peller damage.  These advantages offset the complexities which 
accrue from the addition of rotor folding. 

Investigation of the concept has steadily advanced to the point 
where preliminary wind-tunnel tests of the folding tilt rotor 
have been completed.  However, much remains to be done to estab- 
lish a firm base of technical data and design criteria for 
further development of the concept. 

Under USAF Flight Dynamics Laboratory Contract, Boeing is con- 
ducting a program of parametric design, analysis, and wind- 
tunnel testing to establish design criteria for the stowed- 
tilt-rotor stoppable rotor concept.  The program is being 
conducted in two phases. 



The Phase I studies reported here provide the necessary 
background to plan the Phase II program of wind-tunnel testing 
and analysis required to  establish design criteria for the 
stowed-tilt-rotor concept. 



SECTION II 

SUMMARY 

1.  THE MISSIONS AND THE DESIGNS 

The first part of this report presents the results of a 
preliminary design study in which five basic folding-tilt- 
rotor aircraft have been designed.  Three of these designs 
are for discrete design missions and two are rultimission 
aircraft combining two, and then all three, of the basic 
missions.  The missions and the design aircraft are: 

Mission Aircraft 

o  High-speed long-range rescue Design Point I 

o  Capsule recovery Design Point II 

o  V/STOL medium transport Design Point IV 

o  High-speed long-range rescue Design Point III 
and capsule recovery 
(multimission) 

o  High-speed long-range rescue,        Design Point V 
capsule recovery, and V/STOL 
medium transport {multimission) 

The intent of the analysis was to determine the degree of 
compatibility between aircraft designed to the three mis- 
sions, and the compromise necessary to combine these mission 
capabilities in substantially common airframes.  As a min- 
imum, this commonality was extended to the lift/propulsion 
system comprising the wing, engines, drive system, and 
rotors.  The relative numbers of production aircraft which 
might be required for each mission was considered in 
determining the degree of commonality.  The technology 
level used in these studies is appropriate to a 1976 IOC 
date time frame. 

The results, presented in detail in subsequent sections of 
this report, are summarized in this section. 

a.  Basic Mission Aircraft 

Salient characteristics of the three basic mission air- 
craft are given in Figure 1. 



The basic rescue mission aircraft has a design takeoff 
gross weight of 67,000 pounds. The critical hover 
engine sizing criteria was at the midpoint, matching 
the engine size required for the 400-knot cruise speed 
at 20,000 feet. Disc loading at the midpoint is 15 
pounds per square foot. 

The capsule recovery aircraft, at 78,000 pounds, is 
heavier than the rescue vehicle. While both aircraft 
have approximately the same useful load of 20.000 
pounds, the higher drag of the capsule recovery air- 
craft (caused by the fuselage configuration necessary 
to carry the capsule) and the weight penalties of the 
structural cutout to accommodate the capsule in the 
bottom of the fuselage caused the weiqht to escalate. 
This is reflected in the higher fraction of shaft 
horsepower to gross weight of the capsule recovery 
aircraft. 

The VTOL medium transport aircraft is still larger, at 
85,000 pounds.  This was of course due to the consider- 
ably larger fuselage that was required to accommodate 
the 463L loading system. The conclusion, therefore, 
was that there was little compatibility between the 
sizes of aircraft required to fulfill these three basic 
missions. 

b. Multimission Aircraft 

The multimission aircraft are summarized in Figure 2. 
Understandably, a combination of the rescue and capsule 
recovery missions into Design Point III produces an 
aircraft of the same size as the larger of the two 
single-mission aircraft. The lift/propulsion system of 
the capsule recovery aircraft will also accommodate the 
rescue mission requirements if the drive system is up- 
rated slightly.  Thus, the basic Design Point III 
vehicle is a capsule recovery lift/propulsion system 
with an uprated drive system combined with a rescue 
mission fuselage for the Design Point I mission.  This 
vehicle is then modified by the substitution of an 
enlarged center fuselage section for the Design Point II 
or capsule recovery mission.  The required number of the 
latter configuration is likely to be small. Such a 
factory modification of a limited number of aircraft 
appears to be the most satisfactory solution, if only 
the rescue and capsule recovery missions are considered. 

In configuring the Design Point V multimission aircraft 
to accomplish the three basic missions, certain ground 
rules were established: 
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(1) The lift/propulsion system should be common. 

(2) The basic aircraft fuselage should be for the 
transport missio.-, since this is likely to be 
built in the largest quantities. 

(3) Sin^e the number of capsule recovery aircraft 
required is likely to be small, they should 
require a minimum modification to the basic 
fuselage. 

(4) Vftiile the required quantities of rescue ships 
may not justify development of a new aircraft, 
the number would be sufficiently large to 
warrant major modification of an existing 
airframe.  Therefore, a new fuselage is 
permissible for the rescue version if the 
weight and drag of the transport fuselage 
makes it impossible to do the rescue mission 
with the base airplane. 

The first step in designing the Design Point V aircraft 
was to resize the basic transport aircraft to have a 400- 
knot speed capability for the capsule pickup mission. This 
resulted in a 104,000-pound design gross weight ship which 
was able to fulfill the capsule pickup role, with a suitably 
modified fuselage.  While it was obviously desirable to do 
the rescue mission with the basic airframe unchanged, it 
was found that the drag and weight of the large fuselage; 
forced the required takeoff weight for this mission up to 
127,000 pounds.  While this was tolerable, the resulting 
midpoint gross weight required 13 percent more power than 
is installed in the base transport capsule pickup aircraft. 
Therefore, rather than increase the size of the basic lift/ 
propulsion system still further, a new smaller fuselage was 
designed for the rescue version of Design Point V.  The 
resulting reduction in drag and weight makes it possible to 
do the rescue mission without increasing the size of the 
basic lift/propulsion system. 

THE BASELINE SELECTION 

Because the multimission aircraft designed to accomplish 
all three basic roles turned out to b-^ so large, a further 
study was made of a compromise aircraft based on the Design 
Point I rescue aircraft.  This design point lift/propulsion 
system was combined with a transport type fuselage based on 
a CH-47 helicopter box size widened to 96 inches at the 
floor line to accommodate 463L system pallets.  This air- 
craft is capable of carrying the full 86 x 108-inch pallet 
and air-dropping the 88 x 54-inch half-pallet.  Pallet 
loading is restricted to 72 inches in height. Although 



this aircraft does not have the unrestricted 463L system 
pallet loading capability of the Design Point IV transport 
aircraft (i.e., maximum pallet height or air dropping of 
full pallets), it can nevertheless meet most of the trans- 
port mission requirements. 

It was, therefore, decided that the baseline aircraft would 
be the design point. I rescue aircraft, with a slightly in- 
creased span to permit the alternate installation of a 
wider transport fuselage*  The baseline is, therefore, in 
reality two aircraft with common lift/propulsion systems. 

This baseline aircraft approach is illustrated in Figure 3. 
A basic lift propulsion system is used with two different 
fuselages: one to fulfill the complete rescue mission, 
and the other to provide an aircraft which meets most of 
the mission requirements for the medium transport role. 
Further trade-offs might be made to establish the mission 
capabilities of a basic transport version with minimum 
modifications for both the rescue and capsule recovery 
missionsc 

3"  TECHNICAL ASSESSMENT 

A broad assessment has been made of the handling qualities 
and control systems, and the structural dynamic behavior 
of the baseline aircraft. 

In principle, it has been established that hover control 
can be satisfactorily attained without the use of large 
amounts of cyclic pitch control, thus alleviating the tiit 
mechanism loads and the stresses in the hingeless rotor 
blades.  The transient forces and moments on the aircraft 
during conversion (blaäe folding and rotor spin-up and 
stopping) do not appear to present severe problems.  The 
conversion process has been considerabxy simplified, com- 
pared to concepts current at the beginning of the study, 
by the elimination of fan clutches and mechanical rotor 
indexing.  Handling qualities in the stowed rotor mode are 
generally satisfactory.  The problem areas are due to the 
short span and high roll and yaw inertias of the configura- 
tion.  Thus low speed roll control response, roll subsidance 
and spiral iivergence do not meet specifications at present, 
and further work must be done to provide solutions to these 
problems.  An assessment of the major structural dynamics 
phenomena, using the component mass and stiffness distri- 
butions generated in the study and reported in Volume II, 
does not indicate any undesirable characteristics. 
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4 • MISSION A::D TECHNOLOGY TRADEOFFS 

The effect of variations of the major mission parameters 
on aircraft size and weight has been examined for the 
Design Point I rescue aircraft and the Design Point IV 
medium rescue aircraft.  The principal results are sum- 
marized below: 

a*  Design Point I: 

Parameter 

(1) Cruise speed 

(2) Dash speed and 
altitude 

(3)  Mission radius 

(4) 

(5) 

Payload 

Hover time 

(6) Hover altitude 
temperature 

b.  Design Point IV: 

Parameter 

(1) Cruise speed 

(2) Dash speed and 
altitude 

Mean Gross Weight 
SensiMvity 

200 pounds per knot 

25 to 30 pounds per knot 

-400 pounds per 1,000 feet 

For radii 4 650 nautical miles; 
52 pounds per nautical mile 

For radii > 700 nautical miles; 
310 pounds per nautical mile 
(and increasing) 

4.5 pounds per pound 

At design point: 
30,000 pounds per hour 

At twice the design point 
hover time: 

36,7 50 pounds per hour 

Negligible below 6,000 feet, 
950F. 

Mean Gross Weight 
Sensitivity 

180 pounds per knot 

For dash speed < 350 knots: 
17 pounds per knot, 
-400 pounds per 1,000 feet 

For dash speed > 350 knots: 
580 pounds per knot, 
-967 pounds per 1,000 feet 

10 



Parameter 

(3)  Mission radius 

(4) Payload 

(5)  Hover time 

(6)  Hover altitude 
and temperature 

Mean Gross Weight 
Sensitivity 

From 126 pounds per nautical mile 
at design point to 630 pounds 
per naui-ical mile at twice the 
design point mission radius 

Above the design point: 
4.6 pounds per pound 

Below the design point: 
2.7 pounds per pound 

At design point: 
27,500 pounds per nour 

At one hour of hover time: 
115,000 pounds per hour 

Negligible below design point, 
increasinc to 92,800 pounds at 
4,000 feet 100oF. 

The change in the empty weight of the baseline aircraft has 
been assessed due to the omission of all advanced techno- 
logy airframe materials and fabrication techniques and the 
use of separate turboshaft and turbofan engines for rotor 
drive and cruise propulsion.  This is the logical approach 
for a demonstrator prototype aircraft, and the results 
show that such an aircraft would have an adequate payload 
for test and mission evaluation purposes. 

Predictions have also been made of the reduction in weigi-t 
for advanced technology appropriate to a 1980 IOC date. 
These predictions show that weight savings amounting to 
15 percent of the useful load are probable relative to the 
datum 1976 IOC technology used in this study. 

11 
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SECTION III 

MISSION AND DESIGN GROUND RULES 

1.  MISSION DEFINITIONS 

The mission profiles and requirements for the three basic 
missions are presented in Figures 4, 5, and 6.  These 
missions are: 

I High-Speed Long-Range Rescue 
II Capsule Recovery 

III Medium V/STOL Transport 

Additional requirements for these missions (both given and 
assumed) are presented as follows: 

a. Additional Requirements for Design Point I 

(1)  Given: 

(a) Provide for aerial refueling.  Use not 
allowed on above mission. 

(b) Ferry range of 2600 nautical miles with no 
refueling. 

(c) Crew and cabin compartments shall be 
pressurized. 

(d) Aerial retrieval capability to recover 
parachuting personnel and capsules at speeds 
up to 300 knots TAS and weight to 300 pounds. 

(e) With critical engine out at midpoint OGE 
hover, be able to convert to forward flight 
on emergency power of remaining engines with 
a maximum altitude loss of 5 feet. 

(f) Accommodate a crew of 5 at 240 pounds per 
man (includes parachutes) , 

(g) Additional weight provisions: 

Hoists and Equipment     500 pounds 
Avionics 1500 pounds 
Armament and Armor      2000 pounds 

13 PRECEDE PAGE BLAN^ 
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(2) Assumed: 

(a) No fuel consumed, no distance credit for 
descent. 

(b) Mission flown at Air Force Hot Day conditions 
unless otherwise noted. 

(c) Sufficient power is provided only for one- 
engine-out hover, with no margin included 
for maneuver as per requirement (e) above. 

(d) Climb to cruise altitude is at maximum rate 
of climb, military power. 

b. Additional Requirements for Design Point II 

(1) Given; 

(a) Provide for aerial refueling and use as 
required on above mission. 

(b) Ferry range of 2600 nautical miles with no 
refueling. 

(c) Accommodate crew of 5 at 240 pounds per man 
(includes parachutes). 

(d) Midpoint payload size 13 feet in diameter by 
12 feet in length. 

(2) Assumed; 

(a) No fuel consumed, no distance credit for 
descent. 

(b) Mission flown at Air Force Hot Day conditions 
unless otherwise noted. 

(c) Climb to cruise altitude is at maximum rate 
of climb, military power. 

(d) Aircraft sized to have sufficient fuel left 
at midpoint to hover, pickup capsule, and 
climb to refueling altitude with sufficient 
reserves. 

(e) Reserve fuel requirement for refueling points 
4,7, and 10 in Figure 5 is 5 percent of fuel 
consumed only during the cruise leg since 
last refueling plus 30 minutes at best 
endurance speed at the refueling altitude. 
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c. Additional Requirements for Design Point IV 

(1) Given; 

(a) STOL is defined as 1000-foot takeoff over a 
50-foot obstacle. 

(b) Ferry range 2600 nautical miles with no 
refueling. 

(c) Landing gear sink speed shall be 15 fps. 

(d) Cargo compartment shall be compatible with 
the 463L loading system usirg an  88-inch by 
108-inch pallet, 6000 pounds average pallet 
weight, 10,000 pounds maxi.  pallet weight. 

(e) Accommodate a crew of 5 at 240 pounds per man 
(includes parachutes). 

(2) Assumed: 

(a) No fuel consumed, no distance credit for 
descent. 

(b) Mission flown at Air Force Hot Day conditions 
unless otherwise noted. 

(c) Climb to cruise altitude is at maximum rate 
of climb, military power. 

(d) Cargo compartment sized to accommodate 88- 
inch wide pallet with enough clearance for 
the passage of a man on either side. 

Design Points III and V are multimission aircraft. The 
requirements of missions I and II are combined in Design 
Point III and all three basic missions are combined in 
Design Point V. 

DESIGN GROUND RULES 

These ground rules are only intended to cover those items 
necessary for the parametric design study definition. 
However, special specifications for items peculiar to the 
stowed-tilt-rotor concept are included for prominence in 
the report. A comprehensive review of major military 
specifications is presented in Volume III, Appendix II. 
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a. Structures 

(1) Design Load Factors 

All of the vehicles are assumed to be in the Air 
Force Class C (Assault) category. 

The maximum positive design maneuver limit load 
factor shall be 3.0 for all gross weights from 
minimum flying gross weight to the basic flight 
design gross weight and at all speeds from the 
aircraft 3.0g maneuvering stall speed to design 
limit speed V^. At weights greater than the basic 
flight design gross weight, strength shall bs pro- 
vided to maintain a constant NW except that the 
limit load factor N shall not be less than 2.0 at 
the maximum design gross weight. The maximum 
negative desic i limit load factor shall be -1.0 
for all gross weights and all speeds from the air- 
craft -l.Og maneuver stall speed to the design 
level flight maximum speed VL» At the design limit 
speed Vi, the negative maneuver limit load factor 
shall be zero. 

During transition from the rotor lift to pure wing 
lift the stowed-tilt-rotor aircraft is a compound 
vehicle and both the wing and rotors are capable 
of contributing to the lift. The maximum design 
limit load factor to be applied during transition - 
zero forward speed to zero rotor lift - shall be 
determined by adding the maximum rotor lift and 
wing lift available at any given speed and divid- 
ing the resultant sum by the gross weight under 
consideration, except that the maximum maneuver 
load factor must not be less than 2.5g or exceed 
3.0 at any speed. 

THE LIMIT LOAD FACTOR DURING CONVERSION (I.E., AT 
ANY FLIGHT CONDITIONS WHERE THE ROTORS ARE NOT 
FULLY DEPLOYED AND ROTATING AT AT LEAST 70% OF 
MAXIMUM RPM) SHALL BF, 1.5. 

The design limit gust load factors shall be deter- 
mined in accordance with the latest issue of 
MIL-S-8861.  The speed for application of maximum 
gust intensity shall be VG = /WVQ.     Preliminary 
calculations indicate that the gust load factors 
are compatible with the design maneuver load factor 
of 3.0. Except when operating at minimum flying 
gross weights, the aircraft are not gust critical. 
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{2)  Selection of Design Speeds 

The design speeds selected are predicated on the 
two primary speed requirements specified in the 
mission requirements, namely that the vehicles be 
capable of operation at 400 knots TAS at 20,000 
feet and 350 knots TAS at 3,000 feet. The engine 
cycle used for preliminary vehicle sizing is such 
that the aircraft is power critical for the 
400-knot 20,000-foot design point and capable of 
exceeding the 350-knot dash speed at 3,000 feet. 
In order to minimize the structural weight, the 
decision was made to limit flight at lower alti- 
tudes to an arbitrary maximum dynamic pressure. 
Since the required 350 knots TAS at 3,000 feet is 
the equivalent of 335 knots TAS at sea level 
(standard day), the maximum level flight speed 
is limited to 340 knots equivalent airspeed (EAS). 

Since the stowed-tilt-rotor concept, in commor 
with other high speed aircraft, does not have a 
speed increase of 20 percent of maximum level 
flight speed due to gust or other upset, the 
design limit speed V^ is established as maximum 
level flight speed plus 50 knots. This establishes 
the design maximum dynamic pressure speed at 390 
knots EAS.  The aircraft presented in this study 
are q limited (390 knots EAS) from sea level to 
16,000 feet and power limited at altitudes above 
16,000 feet. 

A Mnch number limit of 0.7 was established for 
high altitude descents. 

CONVERSION FROM ROTOR TO FAN DRIVEN FLIGHT AND 
RECONVERSION SHALL BE PERMISSIBLE BETWEEN 1.2 X 
FLAPS DOWN STALL SPEED TO THE GREATER OF (1.2 X 
FLAPS DOWN STALL SPEED + 50 KTS) OR 1.2 X FLAPS 
UP STALL SPEED. 

(3)  Landing Gear 

For the initial configuration studies carried out 
in the first portion of this program the vehicle 
landing gear weights are estimated in accordance 
with the following ground rules: 

(a)  Gear weights compatible with helicopter landing 
gear weights are assumed for Design Point air- 
craft I, II, and III. All landings and take- 
offs are assumed to be vertical and made on 
semi-prepared surfaces. 
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(b) Gear weights compatible with normal transport 
landing gear weights are assumed for Design 
Point aircraft IV and V. All landings and 
takeoffs are assumed to be vertical and addi- 
tional gear strength added to account for 
taxiing over rough and semi-prepared airfields 

All of the configurations have the ability to 
hover in ground effect at their respective basic 
mission design takeoff weights and the above 
assumptions for landing gear weight appear to be 
reasonable. 

Note; New landing gear ground rules were selected 
by USA^FDL following the basic parametric 
studies.  These revisions were used in the 
baseline aircraft studies and are quoted in 
that section. 

(4) Pressurization Differentials 

All of the configurations presented in this study, 
except the Design Point IV configuration, have 
been allocated weight increments to account for 
pressurization. The Design Point IV and baseline 
transport configurations are not pressurized be- 
cause the optimum altitude for the perform-nee of 
the mission has been determined at 10,000 leet or 
lower. For all of the other configurations a 
cabin altitude of 8,000 feet is maintained at a 
flight altitude of 20,000 feet. Using a proof 
pressure factor of 1.33 this amounts to a design 
limit pressure differential of 5.45 psi. 

On all of the configurations requiring pressuriza- 
tion, the number of cutouts and/or door openings 
are kept to a minimum in the pressurized area in 
order to save weight. This is accomplished by the 
judicious placement of the aft pressure bulkhead 
and by eliminating the need for pressurization of 
the aft hatch on Design Points I, II, and III. 

(5) Technology Level 

Determination of the vehicle weights for Design 
Point I, II, III, IV, and V aircraft shall be 
based on technology for manufacturing techniques 
and materials appropriate to an IOC date of 1976. 
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b* Aerodynamics 

(1) Airfoil 

In the interests of obtaining the optimum wing 
weight, the airfoil section shall be of the max- 
imum thickness possible consistent with the 
requirement of flight at Mach 0.635 and the need 
for a high-speed descent capability. 

(2) Wing Loading 

The aircraft wing loading shall not exceed 90 psf 
at any point in a mission where transition is 
made from hover to forward flight or back. This 
is done to insure maneuver capability during 
transition. 

(3) Disc Loading 

The aircraft disc loading shall not exceed 15 psf 
at the mission midpoint hovering gross weight in 
order to preserve a low downwash velocity during 
rescue, capsule recovery or resupply operations. 

(4) Empennage 

(a) Horizontal Tail 

The horizontal tail shall be sized to provide 
a minimum static margin of 5 percent MAC at 
maximum cruise speed with the center of grav- 
ity at the aft limit. An allowance of 5 
percent for neutral point shift due to aero- 
elasticity shall be included in the calcula- 
tion. During low-speed operation with the 
rotors extended it is intended that rate and 
attitude stability augmentation will be pro- 
vided, as necessary. This ground rule was 
adopted to avoid the large change in static 
margin which would occur during conversion 
if the tail were sized for stability with 
rotors deployed. It is considered justified 
by the availability of stability augmentation 
systems required for hover and transition. 

(b) Vertical Tail 

The vertical tail shall be sized to provide 
a minimum directional stability coefficient 
Cn of 0.0015 with the rotors in the stowed 

position.  Thj condition of thrust asymmetry 
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due to loss of one engine at 1.1VS, with the 
rotors folded and the center of gravity at 
the aft limit, shall be investigated, and 
adequate rudder control shall be provided to 
trim at no greater than 5 degree yaw and roll 
angles.  It is assumed that stability aug- 
mentation shall be provided, as necessary, 
for increased rate damping and increased 
directional stiffness for operation at low- 
speed with the rotor extended. 

c. Propulsion 

(1) Powerplants 

The same powerplants shall be utilized to power the 
cruise fans and the rotors.  Means shall be pro- 
vided to transfer power from the cruise fans to the 
rotors. Provisions shall be made to achieve parti- 
cle separation in the engine airflow during hover. 

Fan bypass ratios shall be selected to obtain best 
mission performance at minimum weight. 

(2) Power Transmission System 

Ä transmission system shall be provided which will 
adequately reduce the engine rpm to that desired 
at the rotors and the fans.  The transmission shall 
also provide an interconnect between the two rotors 
so that equal power distribution will be achieved 
between the two rotors in the event of an engine 
failure. 

The torque capabilities of the rotor transmission 
system shall meet the most severe of the following 
requirements: 

(a)  Hover at design takeoff gross weight at the 
altitude and temperature appropriate to the 
mission, out of ground effect, with the thrust 
required for download control and 500 fpm rate 
of climb. The control applied shall give the 
most severe power absorption occasioned by 100 
percent control about one axis <-nd 50 percent 
about the other two axes. This is to be con- 
strued as a total power requirement.  Shafts 
will bo sized for full torque due to 100 per- 
cent yaw control.  A 55 to 45 power split 
shall be used for gear weight estimation, the 
full yaw control case being considered a 
transient condition. 
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(b) A climb rate of 1500 fpm at 200 knots EAS 
(SL Std day). 

(c) A level flight speed of 250 knots EAS, (SL 
Std day). 

The rotor transmission components shall also be 
designed to the torque appropriate to one shaft 
engine failed conditions for the above cases. 

The shafting shall be designed to take the torques 
imposed by maximum SL Std static power of all 
engines on one side with all engines failed on 
the other side. This is not to be applied as a 
design case for gearing. 

The fan drive system shall be designed to take 
maximum SL Std day static power. 

(3) Rotors 

The rotors shall be hingeless and shall be pro- 
vided with both cyclic and collective pitch 
control. In addition to adequate cyclic and 
collective pitch controls for normal low-speed 
helicopter flight, the cyclic control shall be 
adequate for both pitch and yaw control during 
hover and transition and the collective control 
shall be adequate for roll control during hover 
and transition. 

The rotor shall be designed to have a thrust 
margin of 15 percent, over and above the thrust 
(including download) at any mission hover con- 
dition of weight, altitude, and temperature, 
before reaching the stall flutter condition.  In 
the absence of blade torsion parameter data at 
the beginning of the study, the solidity of the 
rotors was chosen for optimum hover performance 
provided the thrust-coefficient-to-solidity ratio 
(helicopter notation) did net exceed 0.12 at the 
above conditions. This implied a stall flutter 
limit at C^/a = 0.137. This subject is further 
discussed under ROTOR BLADE in Volume II. 

The maximum hover tip speed shall be 870 feet 
per second. 

The rotor power limit shall be compatible with the 
criteria given for the rotor transmission. 
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The number of blades shall be selected on the 
basis of the following priorities: 

1st - Minimum rotor nacelle size 
2nd - Hover performance 
3rd - Noise 

d. Weights 

Weight estimates shall be obtained using statistical 
weight trend equations and the specific mission 
requirements. Fixed inputs sucn as aspect ratio, 
taper ratio, fuselage geometry, etc., shall be utilized 
in the statistical trend equations and combined with 
mission requirements such as fixed equipment weights, 
fixed useful load, payload, etc., to iterate a total 
aircraft gross weight. The basic weight trends shall 
reflect current state-of-the-art materials and manu- 
facturing techniques which will be factored to reflect 
a technology level consistent with an IOC date of 1976. 
Design features not covered by the statistical weight 
equations shall be estimated separately. One percent 
of the weight empty shall be added to the gross weight 
to allow for manufacturing variations. 

e« Geometric Constraints 

The minimum clearance between the rotor blade tips and 
the fuselage side shall be 18 inches. 

With the nacelle in the locked down position the rotor 
plane shall be positioned to provide a minimum of 12 
inches clearance between the blade trailing edge and 
the wing and/or engine nacelle leading edge.  This 
clearance shall be obtained with the blade fully 
feathered and its quarter chord plane deflected aft 
through an angle of 5 degrees measured from the rotor 
hub and the olade tip quarter chord.  When the nacelle 
is in the vertical position, the rotor plane shall be 
high enough above the wing upper surface to prevent 
the rotor blade from striking the wing when the blade 
is at a negative cone angle of thirteen degrees.  The 
distance between the nacelle pivot point and the rotor 
plane shall be kept to a minimum consistent with the 
above requirement.  Based on experience, these criteria 
are for preliminary design purposes and should be re- 
written when critical maneuver blade property and 
motion data are available. 
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SECTION IV 

CONFIGURATION STUDIES 

1.  CONFIGURATION APPROACH 

The fuselage configuration for any giver, aircraft is 
primarily dictated by the mission requirements, and the 
tail group configuration by stability and control require- 
ments. The size and layout of the latter will ultimately 
be chosen by wind tunnel testing. For the present designs 
where critical mach number considerations are not parti- 
cularly demanding, the wing size and geometry has been 
chosen for the most efficient and simple structural 
arrangement and tip nacelle attachment, consistent with 
the required relationship between the nacelle tilt pivot 
and wing for proper center of gravity location in hover 
and cruise flight. 

A typical planform resulting from these considerations is 
shown in Figure 7. This straight tapered planfomi was 
used for all of the initial configuration design studies. 
However, after the baseline aircraft was salected, addi- 
tional consideration was given to planform in an attempt 
to further reduce nacelle overhang. These changes are ore- 
sented in Section V, BASELINE CONFIGURATION DESCRIPTION*. 
Figure 8 shows the trade-off of wing weight plus fuel 
weight with aspect ratio and wing loading. Weight in- 
creases with wing loading because of the higher drag of 
the higher area wing and, of course, the increased weight 
of the wing itself. At constant wing loading, increasing 
aspect ratio reduces induced drag thereby reducing fuel 
weight; but the reduction in wing root thickness causes 
the wing weight to increase because of the high root 
bending moment due to lift loads in hover, and the latter 
trend predominates. The conclusion is that the wing 
loading should be as high as possible and the aspect ratio 
as low as possible.  However, as stated in the ground 
rules, the wing loading is restricted to a maximum of 90 psf 
in order to give good transition maneuverability.  The min- 
imum aspect ratio is determined by the minimum span that 
can be accommodated with a rotor to fuselage clearance 
limit of 18 inches. 

a.  Rotor Blade Stowing 

Three different methods of stowing the rotor blades 
were considered.  These basic approaches are shown in 
Figure 9.  The nacelle at the top of this Figure shows 
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CROSS-SHAFT RUNS ALONG NEARLY CONSTANT 
CHOBDLINE ALLOWING BEARING AND SNUBBER 
ATTACHMENTS TO INTERMEDIATE SPAR 

\    MID CG AT 0.25 MAC IN CRUISE CONFIGURATION 

TILT AXIS (ALSO CROSS-SKAFT) 
LOCATION CLOSE TO HOVER CG 

TILT AXIS CHORDWISE LOCATION AT TIP 
GIVING GOOD STRUCTURAL ARRANGEMENT 
FOR WING/TIP NACELLE 

MULTISPAR ARRANGEMENT, GIVES FUEL TANKAGE FORE AND AFT OF ISOLATED 
INTERFACE CROSS-SHAFT TUNNEL AND ACCESS TO CROSS-SHAFT THROUGH 
PANELS LOCATED BETWEEN CENTER SPARS 

Figure 7.  Typical Wing Arrangement. 
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Figure 9.  Alternate Rotor Nacelle Configurations, 
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the rotor blades folded flush with the surface of the 
nacelle, in sculptured recesses. This approach appears 
to offer the cleanest aerodynamic configuration but has 
the drawback of a complication of the folding system to 
turn the blade over from the feathered position during 
the last few degrees of the fold cycle so that the 
blades can lie flush in the nacelles. 

I ' The center drawing of Figure 9 shows what is perhaps 
I the most simple folding system approach. The blades 
I are maintained in a feathered position throughout the 
I fold cycle and are knifed into the nacelle center body. 

From an aerodynamic standpoint, this method of stowing 
gives a high wetted area compared to the flush system. 
Together with the effect of blade twist, and the gaps 
in the nacelle which will be required to nest the 
rotor blades while accommodating any flap-wise motion 
that may occur during the final few degrees of the fold 
cycle, this high wetted area will give a higher drag 
than the flush method of folding. Wind tunnel tests 
show that this penalty may amount to 30 percent of the 
drag of the clean wing plus faired nacelle. The pos- 
sibility of blade trailing-edge damage is also con- 
sidered high due to blade flapwise motions caused by 
gust or maneuvers during the final stowing phase. On 
the other hand, in the flush stowing method, a blade 
would tend to slap the nacelle because of flap motions. 
This slapping will probably be aerodynamically cushioned; 
therefore, the flush folding system does appear to have 
an advantage, although the problem of blade motion dur- 
ing final folding requires further study. 

The third stowing method considered is a variation of 
the edge-wise stowing method; however, the blade shanks 
are extended to a radial position in order to clear the 
rotor transmission and tilting nacelle structure.  The 
blade proper then starts well outboard radially and 
permits the trailing edge of the blades to be knifed 
more deeply into the rear part of the nacelle where 
cutouts in the structure are less critical.  This 
method of stowing should have a drag somewhat between 
the two methods already discussed but will suffer from 
all the other vicissitudes of the er)ge-wise folding 
system described previously.  In addition, the figure 
of merit of the rotor in hover will suffer greatly, 
because of the non-optinum blade planform; however, 
this may be permissible for very high speed stowed-tilt- 
rotor aircraft which have surplus power in hover.  Pub- 
lished wind-tunnel testing of flush and knife-edge 
folding methods indicates a much larger change in neu- 
tral point from blades-deployed to blades-folded for 
the knife-edge system of blade folding. 
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After weighing all of these factors, the flush nethod 
of blade stowing was adopted for these investigations. 
A method has been worked out to change blade pitch dur- 
ing the fold cycle to allow the blades to lie flush, 
and it appears to be a practical solution. Although 
this system appeared to be more complex than keeping 
the blades in the feathered position during the fold 
cycle, it produced fewer problems them knifing the 
blades into the nacelle. 

The major consideration of propulsion system layout and 
location remains to be discussed. The basic studies 
have concentrated on turboshaft engines mechanically 
driving rotors and cruise fans. Earlier studies used 
an arrangement whereby the engines, transmissions, 
fans and rotors were all located in the wing tip 
(Figure 10). This layout had the advantages of unload- 
ed cross-shafting and a minimum number of gear sets 
when compared to other layouts. 

Subsequent studies showed that this configuration was 
unable to cope with the yawing moment developed after fan 
failure, especially in the wave-off condition from an 
approach to an emergency landing. 

Difficulty was also encountered in installing four shaft 
engines in the rotor nacelles when more stringent hover 
criteria were given for certain missions. 

b. Propulsion Concept 

The propulsion system described in Section VIII, 
PROPULSION, was evolved to overcome these problems and 
was selected after consideration of two other propul- 
sion concepts. The simplest approach would be to as- 
sume the availability of convertible turbofan engines. 
However, this assumption is not a good one because of 
the present low level of activity in this area. Also, 
this approach was inadvisable due to the need for four 
engines (caused by the stringent hover requirement of 
these missions) and the lack of provision for particle 
separators in proposed convercible turbofan concept- 
Gas drive systems were also considered; in particular 
the concept of gas generators driving turbines con- 
nected to the rotor system or tip turbine cruise fans 
through diverted valves. This system has an advantage 
inasmuch as rotor clutches can be eliminated, but the 
inability of the system to progress smoothly from 
rotor-drive to fan-drive without step functions (as 
each gas generator is diverted) presented a problem. 
In addition, shaft driven cruise fans have been fully 
developed, whereas tip-turbine-driven cruise fans have 
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received less attention (»1though tip-turbine-lift-fan 
technology as used in the XV-5A is applicable). There- 
fore a system was selected where a pair of coupled 
turbo&haft engines drive a front fan through reduction 
gearing and a clutch. The  fan thrust can be nodulated 
through the use of variable guide vanes or variable- 
pitch fan blades. A power takeoff and clutch is pro- 
vided for the rotor drive. In the helicopter nodef 
air is drawn through auxiliary inlets in the fan duct 
walls provided with Donaldson tube separators. 

The turbofan-type naceileö of the propulsion package 
were mounted inanediately beneath the wing to minimize 
interference drag and keep the engine inlets as high 
as possible to minimize Ingestion. A more ideal 
nacelle location from the point of view of interference 
drag would be further forward, well below the wing, but 
this i? precluded by the proximity of the rotor plane; 
however, the location directly beneath the wing i" pre- 
ferable to intermediate positions. The spanwise posi- 
tion about one nacelle diameter from the fuselage side 
was also chosen to minimize interference drag. 

2.  BASIC MISSION DESIGNS 

a. Design Point I Rescue Aircraft 

This aircraft follows the general configuration outlined 
above. A 3-view drawing and the major characteristics 
of this aircraft are shown in Figur. 11. The fuselage 
size was minimized consistent with the tail arm re- 
quired, the cabin volume needed to accommodate the 
crew and payload, and the nose length needed to balance 
the aircraft. A landing gear with one main leg with 
two wheels, with conventional nose wheel gear, and 
with an outrigger mounted under each engine nacelle, 
was adopted to minimize landing gear weight and to 
make landing gear fairings unnecessary, and therefore, 
reduce drag.  This system was judged the best arrange- 
ment in view of the high-speed long-range mission and 
the fact that the aircraft is expected to operate in 
the vertical takeoff and landing mode for most missions. 

In determining the minimum size of aircraft necessary 
to perform the mission, tradeoffs were made with the 
number of engines, the bypass ratio of the engines, 
and the disc loading. Figure 12 shows the variations 
of cruise normal-rated power to maximum static horse- 
power ratio, as a function of bypass ratio, and the 
specific fuel consumption at cruise rating as a func- 
tion of bypass ratio.  It can be seen that bypass ratio 
has very little effect on fuel flow for bypass ratios 
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below eight for a given thrust requirement; it can 
also be seen that engines of bypass ratio four have 
about six percent more cruise thrust available for a 
given power than engines of bypass ratio eight. These 
low sensitivities led to the conclusion that the bypass 
ratio would have very little effect on the tradeoff of 
number of engines. Figure 13 shows this tradeoff for 
bypass ratio six and illustrates that the engine out 
hover requirement overwhelmingly leads to a choice of 
four rather than two engines. Three engines were not 
considered in this study due to the problem of instal- 
ling them with a reasonable drive system configuration. 
The tradeoffs of disc loading and bypass ratios shown 
in Figure 14 are somewhat complex. The general trend 
with increasing disc loading is to lighter aircraft, 
because, the aspect ratio of the wing is reduced, a 
structural benefit is derived, and the length of the 
tip pods needed to accommodate the folded rotors is 
also reduced. Although Figure 12 shows low sensitivity 
of basic engine characteristics to bypass ratio, high 
bypass ratio generally leads to high drag nacelles and 
high engine weight  The high drag of the engine 
nacelles leads to lower lift-drag ratios than can be 
obtained at low bypass ratios, and therefore, the 
engines become cruise sized. These drag and weight 
penalties tend to give a general escalation of weight 
at high bypass ratio. At low bypass ratios, tre lower 
drag, and therefore, the higher lift-drag ratios and the 
improved hover cruise thrust to hover horsepower ratios 
tend to give hover-sized engines, particularly at the 
high disc loadings. This condition accounts for the 
reversal in bypass ratio trend at the low bypass ratio 
end of the high-disc-loading curves. The trends show 
that minimum weight v raid have been obtained at a disc 
loading of 18 psf ana a bypass ratio of six.  However, 
this disc loading was backed off to 15 psf to minimize 
hover-downwash velocity at the midpoint of the mission. 

The critical rotor-drive-system torque wa<, found to 
occur at the 200 knot 1500 fpm rate of climb criteria. 

A performance summary is shown in Figure 15 and the 
mission profile in Figure 16. A drag breakdown and 
detailed performance data are contained in Appendix I, 

b. Design Point II Capsule Recovery Aircraft 

Since air-to-air refueling was permitted on this mis- 
sion, it was evident that the useful load required 
would be a minimum for hovering flight; if the aircraft 
arrived at midpoint with just enough fuel to hover, 
pick up the capsule, climb, and rendezvous with the 
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tanker, and still have the stipulated reserves left at 
this point. It was found that if one refueling were 
made on the outbound leg, the initial takeoff fuel 
required gave an aircraft with compatible initial take- 
off and midpoint takeoff gross weights. It was then 
necessary t? refuel as stated, immediately after cap- 
sule pickup and on one more occasion on the returned 
leg. A 3-view of this aircraft and sane salient charac- 
teristics are shown in Figure 17. The variation of 
gross weight with number of engines installed is shown 
in Figure 18. As might be expected from the less 
stringent hover conditions required compared with those 
of the rescue aircraft, the choice of number of engines 
is not quite as clear cut. However, four engines were 
still selected on the basis that this was a long over- 
water mission, and that compatibility with Design Point 
I should be kept, wherever possible, without compromis- 
ing the design for capsule recovery. The trade-offs 
made for Design Point I showed that engine sizing was 
not a major factor in selection of bypass ratio or disc 
loading. Since the capsule recovery mission is a long- 
range mission, it was decided that a bypass ratio and 
a cruise altitude trade-off should be made as a function 
of the specific range, as shown in Figure 19. The 
bypass ratio was optimized at a value of 6 at an alti- 
tude of 20,000 feet. Again the disc loading was re- 
stricted x.o  15 for good hover downwash character ist J.CS . 

Since the return minimum speed of 200 knots could be 
met with a capsule carried almost entirely external, 
an aircraft could have been designed to perform the 
mission with a lower gross weight than that shown 
here. Two practical factors prompted the decision to 
carry the capsule partially buried within the fuselage. 
First, this method mado it possible for sick or injured 
capsule crew members to leave the capsule and enter 
the aircraft cabin. Second, in the event of a failure 
of the capsule winching system, the aircraft could 
land safely on the landing gear with the capsule in 
place. 

The fuselage is pressurized only forward of the capsule 
bay. This gives sufficient pressurized-cabin space to 
accomnodate the aircraft crew and six more people. 
When flying without the capsule, the hole in the bottom 
of the cabin is covered with a folding hatch.  Just 
prior to pickup, this hatch is folded, lifted by the 
capsule hoist, transferred to the rear of the cabin, 
and lowered onto a cradle. The winch is then brought 
back on the overhead rail, ready for capsule pickup. 
Inflatable seals are provided around the edge of the 
hole to accommodate the capsule. 
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Appendix I gives a drag breakdown and detailed perform- 
ance data for this aircraft. A performance summary ie 
shown in Figure 20 and the mission profile is shown in 
Figure 21. 

c. Design Point IV Medium Transport Aircraft 

It was found that a design gross weight of 85,000 pounds 
was required for an aircraft to perform this mission. 
This weight is 18^000 pounds higher than the Design 
Point I Rescue Vehicle. The general arrangement and 
the basic characteristics of this vehicle are shown in 
Figure 22. 

In the trade-offs wade to establish the minimum gross 
weight aircraft, the choice between four or two engines 
was just as clear cut in favor of four engines as for 
the Design Point I aircraft. The trade-off of gross 
weight with bypass ratio and disc loading, as shown 
in Figure 23,  was generally similar, for the same 
reasons as the Design Point I trade-off. The optimum 
occurred at a bypass ratio of six and a disc loading of 
16. In this case, the disc loading is for the initial 
takeoff gross weight, and is therefore much lover at 
the midpoint of the mission. 

The fuselage was sized to take four A62L  system pallets. 
In order to minimize the fuselage width, it was assumed 
that these pallets could be loaded with the 88-inch 
dimension across the width of the cargo box, and room 
was left for a man to walk by on each side for inflight 
unlocking of the pallets for air-drop or dump-truck 
unloading techniques. 

A summary of the performance of the transport aircraft 
is shown in Figure 24, and it can be seen that the 
17,000 pounds payload mission can be accomplished well 
within the 1,000 foot takeoff and landing distance. 
The drag breakdown of the aircraft, and more detailed 
performance, is given in Appendix I. Figures 25 and 
26 are mission profiles for the 10,000- and 17,000- 
pound payload missions. 

Detailed characteristics of the three basic mission 
designs are given in Table I and weight summaries in 
Tables II, III and IV. 
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TABLE I.  CHARACTERISTICS OF BASIC MISSION AiRCRAPT 

Design 
1 Design Point II Design 
f- Point I Capsule Point IV 
1            Characteristic Rescue Pickup Transport 

|            WEIGHTS 

1          Design Takeoff Weight 67,049 77,697 84,972 
1            (lb) 
1          Maximum Takeoff Weight, 77,900 111,400 110,200 
I            Ferry (lb) 
1           Empty Weight (lb) 42,714 55,795 58,850 
1          Design Mission Fuel 22,600 20,000 14,462 

1            <lb) 
|1           Fuel Tank Capacity, 22,600 24,200 30,065 
|            Wing Only (lb) 

|          POWER 

I          Total Horsepower 17,454 22,400 19,766 
1            SL Std Max (hp) 
|          Number of Engines 4 4 4 

Horsepower Each (hp) 4,363 5,600 4,941 
I          Bypass Ratio 6.0 6.0 6.0 

Rotor Transmission 6,300 hp 6,710 hp 6,250 hp 
1            Torque Limit (at the at 79 at 70 at 70 
1            following conditions) percent percent percent 

rpm rpm rpm 
(climb) (climb) (climb) 

l                               ROTOR 

(           Diameter (ft) 49.20 57.50 58.10 
Number of Rotors 2 2 2 

I                           Rotor Power Limit 6,215 . 7,585 7,800 
I                                (each at 100 perce.it 
1             rpm, hover) (hp) 

Disc Loading 15 psf at 15 psf at 16 psf at 
* midpoint midpoint takeoff 
I gr wt gr wt gr wt 
[            Solidity 0.100 0,100 0.1035 

Number Blades per Rotor 4 4 4 
1                           Average Blade Chord (ft) 1.93 2.25 2.36 

DIMENSIONS (Overall) 

Length, Rotors Folded 
(ft) 

70.00 74.75 89.70 
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TABLE I.  (Continued} 

Design 
Design Point II Design 
Point I Capsule Point IV 

Characteristic Rescue Pickup Transport 

Width, Rotors Folded 63.33 75.25 78.00 
(ft) 

Height, Rotors Folded 23.75 27.50 28.40 
(ft) 

Length, Rotors Unfolded 70.00 74.75 89.70 
(ft) 

Width, Rotors Unfolded 108.08 128.00 130.20 
(ft) 

Height, Rotors Unfolded 29.00 31.25 34.20 
(ft) 

FUSELAGE 

Fuselage Length (ft) 61.25 66.17 75.30 
Fuselage Width (ft - in.) 6.67 - 11.67 - 11.33 - 

80 140 136 
Fuselage Height 8.75 - 9.58 - 12.25 - 

(ft - in.) 105 115 147 

CABIN SIZE (Internal Dimensions) 

Length (ft) 22.00 8.25* 29.00 
Width (ft - in.) 5.50 - 8.00 - 8.34 - 

66 96* 100 
Height (ft - in.) 7.00 - 6.50 - 9.00 - 

84 78* 108 

WING 

Span (ft) 58.88 70.50 72.10 
Area (sq ft) 746 867 1,038 
Aspect Ratio 4.65 5.72 5.02 
Wing Loading at Take- SO 90 82 

off Gross Weight (psf) 
Sweep 1/4 Chord 7 4 3.5 

(degrees) 
Taper Ratio 0.60 0.60 0.60 
MAC (ft) 12.90 12.65 14.70 
C (ft) 12.65 12.30 14.40 
CR (ft) 15.80 15.40 17.96 
CT (ft) 9,50 9.23 10.78 
T/C Root and Tip 16 16 16 

(percent) 

*Internal Dimensions 
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TABLE I.  (Continued) 

Characteristic 

Design 
Design Point II Design 
Point I Capsule Point IV 
Rescue Pickup Transport 

zero zero zero 
3 3 2 

none none none 

28.17 30,50 34.50 
199 231 298 
4.0 4.0 4.0 

0.805 0.800 1.000 
38.60 38.00 51.30 

(3 mac) (3 mac) (3.5 mac) 
0.333 0.300 0.400 

25 25 30 

Dihedral 
Incidence (degrees) 
Twist 

HORIZONTAL TAIL 

Span (ft) 
Area (sq ft) 
Aspect Ratio 
Tail Volume 
Moment Arm (ft) 

Taper Ratio 
Sweep 1/4 Chord 

(degrees) 
MAC (ft) 7.60 8.16 9.25 

HORIZONTAL TAIL 

C (ft) 
CR (ft) 
CT (ft) 
T/C Root and Tip 

(percent) 
Dihedral 
Incidence (degrees) 

VERTICAL TAIL 

Span, Height (ft) 
Area (sq ft) 
Aspect Ratio 
Tail Volume 
Moment Arm (ft) 

Taper Ratio 
Sweep 1/4 Chord 

(degrees) 
MAC (ft) 
C (ft) 
CR (ft) 
CT (ft) 
T/C Root and Tip 

(percent) 

7.00 7.52 8.65 
10.50 11.30 12.35 
3.50 3.75 4.94 

15 15 15 

zero zero zero 
+25, -8 +25, -8 +25, -8 

12.42 14.90 11.17 
154 222 175.2 

1.00 1.00 0.712 
0.100 0.100 0.0862 
28.30 28.60 36.80 

(2.2 mac) (2.26 mac) (2.44 mac) 
0.535 0.535 0.620 

42 42 42 

12.75 15.30 14.34 
12.43 14.90 15.71 
16.20 19.40 19.40 
8.66 10.40 12.02 

14 14 15 
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TABUS I.     (Continued) 

I 
! 
i 
i 

Design 
Design Point II Design 
Point I Capsule Point IV 

Characteristic Rescue Pickup Transport 

ROTOR POD 

Length (ft) 35.00 38.88 39.00 
Diameter (ft) 4.16 4.57 5.07 

LANDING GEAR 

Nose, Tires (Type and Type VII Type VII Type III 
Size) 22 x 6.6 30 x 7.7 12.50-16 

Main, Tires (Type and Type VII Type VII Type III 
Size) 36 x 11 32 x 8.8 17-16 

Auxiliary Outrigger Type III none none 
Tires (Type and Size) 7.00-6 

Tread (ft) 20.80 15.00 12.32 
Wheel Base (ft) 28.00 30.75 27.00 
Turn Over Angle > 27 27 31 

(degrees) 
Tip Back Angle (degrees) 30 30 20 
Flare Angle (degrees) 15 16 15 
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j            TABLE II. HEIGHT SÜMMABY FOR DESIGN POSIT I RESCUE AIRCRAFT        1 

1 
QKBS       ! 
waarr   1 

MID- 
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NXSSKM 
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', *.::-  --,' kiAö 
J  *.■.... ■-:■.* V* i -v .-, 3*60 

! 
!     --^.^v 1 1 

!        f   --.-.-?—^S.   ETC. 1 
•    i_'C-<'!-.-.   G:'*S 24»        | i 

3Ö90 i 

1 -•.-•-   -cr:-v 92Ö ,                               ; 
i 137Ö       i ; 

j  •->=  =  ;_^:\ ü^Cui» 1265« ! 
i .      2510 j 1 
•      *:? .\r^cT:os 260 | 1 
j          -X-A^ST   SVS'E'J i 
j     :"•,!•..-, ?Y?Tr:v h I 
|        L„JS;CAT:\G  SVST£« 13Ö I 1 
1          .    .^   SYiT£V 2110   1 ! 
!       ?•--;•.£ C^-SQ'S a* 1 i 

j        ST«T.\G  SYSTEV l&fi 1 1 "j 
j          r^.^t^t?.    !\ST.     1 

f      ■-^■vr   cvc-^rv mo | 1 
|     Tsui xn3*l. 2570   ! ! 
1   -',X.   OO-.ER  »LAST 182 \ j 
j    I-.?"'.   t.\Z   \AV. 400 1 1 
| -': = .  J\- ?%^. 292 i 
|  :.rc--::ci. c-»C'..p 1   775        i i 1 
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i !             '               i               t 
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TABLE III. 
i 

WEIGHT SUMMARY FOR DESIGN POINT II CAPSULE 
RECOVERY AIRCRAFT 

DBIM     1 
OOBS 
HEÜaiT 

MID-        MU FOB.   2600 MI   !                  { 
POINT     01 REnn'FBDcr                     ! 

!             iMissioii   ;                          j 
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^                 TABLE IV. WEIGHT SUMMARY FOR DESIGN POINT IV TRANSPORT 
MISSION AIRCRAFT                                                                                1 
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3.  KULTIMISSION DESIGNS 

The intent of this analysis was to determine the degree of 
compatibility between aircraft designed first to the rescue 
and capsule recovery missions (Design Point III), and then 
to all three missions (Design Point V),  and the compromise 
necessary to combine these mission capabilities in sub- 
stantially common airframes. As a minimum, this commonality 
was extended to the lift/propulsion system comprising the 
wing, engines, drive system, and rotors. The relative 
numbers of production aircraft which might be required for 
each mission was considered in determining the degree of 
commonality. 

A combination of the rescue and capsule recovery missions 
into Design Point III (Figure 27) naturally results in an 
aircraft of the same size as the larger of the two single- 
mission aircraft. The lift/propulsion system of the capsule 
recovery aircraft will also accommodate the rescue mission 
requirements if the drive system is uprated slightly. 
Thus the basic Design Point III vehicle is a capsule 
recovery lift/propulsion system with an uprated drive 
system combined with a rescue mission fuselage for the 
Design Point I mission. This vehicle is then modified by 
the substitution of an enlarged center fuselage section for 
the capsule recovery role and is then identical to the 
Design Point II aircraft. The required number of the 
latter configuration is likely to be small. Such a factory 
modification of a limited number of aircraft appears to 
be the most satisfactory solution, if only the rescue and 
capsule recovery missions are considered. Performance in 
the rescue role is shown in Figure 28 and the corresponding 
mission profile is given in Figure 29.  In the capsule 
recovery role, these are the same as Design Point II (Fig- 
ures 20 and 21). 

As might be expected, the aircraft size for the Design 
Point IV medium transport role, with a fuselage tailored 
to the 463L cargo handling system, is considerably larger 
than either the Mission I or II aircraft.  In configuring 
the Design Point V multimission aircraft to accomplish the 
three basic missions, certain ground rules were established. 
These ground rules were: 

a. The lift-propulsion system should be common. 

b. The base aircraft fuselage should be for the transport 
mission since this is likely to be built in the 
largest quantities. 

c. Since the number of capsule recovery aircraft required 
is likely to be small, this role should entail a 
minimum modification to the basic fuselage, 
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400 

SPEED 300 

(KN) 
200 

100 

0 
5 

TIME 4 

(HR) 
3 
2 
1 
0 

20 

ALTITUDE 
16 
12 

(1000 FT) ? 
4 
0 
3C 

FUEL 

USED 
15 

(1000 LB) o 

0 .07 

NMI PER LB 
OF FUEL 

0. 045 

GR WT 90 

(1000 LB) 75 

P ^^ f=W 1 

60 

^ 

LOITER 

HOVER 

(OUTBOUND)      500      (INBOUND) 

DISTANCE (NMI) 

1000 

Figure 29. Design Point III (Multimission) Rescue Mission 
Profile and Performance. 

64 



d. While the required quantities of rescue ships may 
not justify development of a new «-xrcraft, the number 
would be sufficiently large to  warrant major modifi- 
cation of an existing airtrame. Consequently, a new 
fuselage is permissible for the rescue version if the 
weight and drag of the transport fuselage makes it 
impossible to do the rescue mission with the basic 
airplane. 

The first step in designing the Design Point V (Figure 30) 
aircraft was to resize the basic transport aircraft for a 
400-knot speed capability for the capsule pickup mission. 
This resulted in a 104,000-pound design gross weight 
aircraft, which, with a suitably modified fuselage, was able 
to fulfill the capsule pickup role. The performance of the 
transport is shown in Figure 31 and the mission profile in 
Figure 32. While it was obviously desirable to do the 
rescue mission with the basic airframe unchanged, it was 
found that the drag and weight of the large fuselage forced 
the required takeoff weight for this mission up to 127,000 
pounds for a mission fuel weight of 49,000 pounds. While 
this was tolerable in itself, the resulting midpoint gross 
weight required 18 percent more power than is installed in 
the base transport/capsule pickup aircraft. Therefore, 
rather than increase the size of the basic lift/propulsion 
system still further, a new smaller fuselage was designed 
for the rescue version of Design Point V. The resulting 
reduction in drag ai.d weight makes it possible to do the 
rescue mission without increasing the size of the basic 
lift/propulsion system, since the midpoint gross weight was 
reduced to 94,000 pounds, which is permissible from a power 
standpoint. The modified rescue version of Design Point V 
is shown in Figure 33. Mission profiles for the capsule 
recovery and rescue missions are given in Figures 34 and 35. 

Detailed characteristics of the multimission aircraft 
variants are shown in Table V and weight summaries are 
given in Tables VI through X. 
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Figure 32.  Design Point V (Multimission) Transport Mission 
Profile and Performance. 
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400 

SPEED 
(KN) 

TIME 
(HR) 

ALTITUDE 

(1000 FT) 
10 

0 
30 

FUEL 
USED      15 
(1000 LB) 

0 
0.055 

NMI PER 
LB OF FUEL 

11,180 Ib/hr 
HOVER 

(OUTBOUND) 1500 (INBOUND) 3000, 

DISTANCE (NMI) 

Figure 34. Design Point V Capsule Recovery Aircraft Mission 
Profile and Performance. 
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Figure 35.  Design Point V (Multimission) Rescue Mission 
Profile and Performance. 
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TABLE V.  CHARACTERISTICS OF MULTIHISSION AIRCRAFT 

Charactevistic 

Design 
Point III 

Multimission 
(Rescue) 

Design 
Point V 

Haitimission 
(Rescue) 

Design 
Point V 

Multimission 
(Transport) 

WEIGHTS 

Design Takeoff       88,462 
Weight (lb) 

Maximum Takeoff     105,312 
Weight, Ferry (lb) 

Empty Weight (lb)     57,632 
Design Mission Fuel   29,000 

(lb) 
Fuel Tank Capacity,   29,100 
Wing Only (lb) 

POWER 

110,800 

128,717 

73,237 
35,503 

41,400 

per Rotor 
Average Blade 

Chord (ft) 
2.25 2.61 

104,190 

145,112 

74,532 
17,998 

41,400 

Total Horsepower 22,400 29,704 29,704 
SL Std Max (hp) 

Number of Engines 4 4 4 
Horsepower Each (hp) 5,600 7,426 7,426 
Bypass Ratio 6.0 6.0 6.0 
Rotor Transmission 7,600 hp at 7,772 hp at 7,772 hp at 

Torque Limit at 79 percent 70 percent 70 percent 
the Following (climb) (cruise) (cruise) 
Conditions (hp) 

ROTOR 

Diameter (ft) 57.50 64.40 64.60 
Number of Rotors 2 2 2 
Rotor Power Limit 8,045 9,565 9,565 

(each at 100 
percent rpm, 
hover) (hp) 

Disc Loading 14 .5 psf at 17 psf at 16 psf at 
mi( äpoint takeoff takeoff 
gr wt gr wt gr wt 

Solidity 0.100 0.1035 0.1035 
Number of Blades 4 4 4 

2.61 
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TABLE V.  (Continued) 

Design Design Design 
Point III Point V Point V 

Multimission Multimission Multimission 
Characteristic (Rescue) (Rescue) (Rescue) 

DIMENSIONS (Overall) 

Length, Rotors 74.75 95.30 92.25 
Folded (ft) 

Width, Rotors 75.25 84.60 84.60 
Folded (ft) 

Height. Rotars 27.50 31.90 32.10 
Folded (ft) 

Length. Rotors /4.75 95.30 92.25 
unfolded (ft) 

Width, Rotors 128.00 142.80 142.80 
Unfolded (ft) 

Height, Rotors 31.25 35.30 37.50 
unfolded (ft) 

FUSELAGE 

Fuselage Length (ft)   66.17 
Fuselage Width     9.00 - 108 

(ft-in.) 
Fuselage Height     9.58 - 115 

(ft-in.) 

76.40 
6.67 - 80 

8.75 - 105 

75.30 
11.33 - 136 

12.25 - 147 

CABIN SIZE (Internal Dimensions) 

Length (ft) 27.00 27.00 29.00 
Width (ft-in.)    7 .50 - 90 5.50 - 66 8.34 - 100 
Height (ft-in.)   6 .50 - 78 6.00 - 72 9.00 - 108 

WING 

Span (ft) 70.50 78.40 78.40 
Area (sq ft) 867 1,270.6 1,270.6 
Aspect Ratio 5.72 4.84 4.84 
Wing Loading at 102 87.1 82 

Takeoff gr wt (psf) 
Sweep 1/4 Chord 4 3.5 3.5 

(degrees) 
Taper Ratio 0.60 0.60 0.60 
MAC (ft) 12.65 16.54 16.54 
C (ft) 12.30 16.20 16.20 
CR (ft) 15.40 20.25 20.25 
CT (ft) 9.23 12.16 12.16 
T/C Root and Tip 16 16 16 

(percent) 
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TABLE V.  (Continued) 

Design Design Design 
Point III Point V Point V 

Multimission Multimission Multimission 
Characteristic (Rescue) (Rescue) (Rescue) 

WING 

Dihedral zero zero zero 
Incidence (degrees) 3 2 2 
Twist none none none 

HORIZONTAL TAIL 

Span (ft) 30.50 41.00 41.00 
Area (sq ft) 231 421 421 
Aspect Ratio 4.0 4.0 4.0 
Tail Volume 0.800 1.028 1.028 
Moir mt Arm (ft) 38.00 51.30 51.30 

(3 mac) (3.1 mac) (3.1 mac) 
Taper Ratio 0.300 0.400 0.400 
Sweep 1/4 Chord 25 30 30 

(degrees) 
MAC (ft) 8.16 10.90 10.90 
C (ft) 7.52 10.25 10.25 
CR (ft) 11.30 14.64 14.64 
CT (ft) 3.75 5.86 5.86 
T/C Root and Tip 15 15 15 

(percent) 
Dihedral zero zero zero 
Incidence (degrees) +25, -8 +25, -8 +25, -8 

VERTICAL TAIL 

Span, Height (ft) 14.90 15.50 15.50 
Area (sq ft) 222 243.5 243.5 
Aspect Ratio 1.00 0.985 0.985 
Tail Volume 0.100 0.0840 0.0840 
Moment Arm (ft) 28.60 34.18 34.18 

(2.26 mac) (2.065 mac) (2.065 mac) 
Taper Ratio 0.535 0.620 0.620 
Sweep, 1/4 Chord 42 45 45 

(degrees) 
MAC (ft) 15.30 16.08 16.08 
C (ft) 14.90 15.80 15.80 
CR (ft) 19.40 19.50 19.50 
CT (ft) 10.40 12.10 12.10 
T/C Root and Tip 14 15 15 

(percent) 
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TABLE V.  (Continued) 

Design Design Design 
Point III Point V Point V 

Muitimission Muitimission Muitimission 
Characteristic (Rescue) (Rescue) (Rescue) 

ROTOR POD 

Length (ft) 
Diameter (ft) 

LANDING GEAR 

Nose, Tires (Type 
and Size) 

Main, Tires (Type 
and Size) 

Auxiliary Outrigger 
Tires (Type and 
Size) 

Tread (ft) 
Wheel Base (ft) 
Turn Over Angle 

(degrees) 
Tip Back Angle 

(degrees) 
Flare Angle 

(degrees) 

38.88 
4.57 

Type VII 
30 x 7.7 
Type VII 
32 x 8.8 

none 

15.00 
30.75 

27 

30 

16 

42.90 
5.62 

Type III 
12.50-16 
Type III 
17-16 
Type III 
7.00-6 

35.70 
29.30 
> 27 

18 

10 

42.90 
5.62 

Type III 
9.50-16 
Type III 
17-16 

none 

12.32 
30.00 

32 

20 

18 
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TABLE VI. HEIGHT SUmm» FOR DBSION POIHT III MOLTIMISSION        1 
AIRCBAFT IN RBSCQB BOLE                                                                 | 

WKum 
GMBS       1 
«HÖHT 

MID- 
POINT fWOSX 

mam 
r;   ■ 

I   -V.tYSR   CSCt,? 

1    ..   S.-,   A'C^P 

1 'ii.. Ggpijf j 
1 i;i'-v nSy^f 53TO 
|     -SfK 
j        -r-««&»¥ «   I 

1       tTCCND.-POSRS.   ET.1. 

1   AL!GhTiN5  GEAR 32t2 
j  ri : .--IT cor.TRr.i s 5150 
1 r\:•.'.£ srcTifiM 

- 

1  Tic ?cd                       j 2010 
1   ^^C^-LSION  GROUP 1774& 
1        rv3!NES(Sl                             1 3410 
[       AIP   INDICT ION                   | 34C 
1        EXHALS?  SVSTEV                  S 

[        COOL i «.3   SV<?TEM    .            .! -Ml 
j        i-liBRlCATINC-  SYSTS.M 175 ; 
\      '..SL SYSTE».<                    : 2830 
1        t\C-lHt CONTROLS 115 
11        START;NG   SYSTEM                I m\ 
[        JlC-'t.ltn   iNST, 
1      *~z\'jc   cvCTy TTQ 
r 7 an Instl.               ! 
1   ALX.   »CER   PLAST 162 
!   fNSTS.   AND  NAV. 400 
|;-vr?.   Äf.O   PNEU. 292 
1,   ELECTRICAL  GROUP 775 
1   fLECTPCMCS  GROUP 1500 I 

1   APViVEVT  GROUP 2ÖÖÖ 
WO j   FL'^S.   !.  EOulP.   GROUP U52 

1        ^SOS.   ACCOV. ( 
1        V'SC.   EOUIPWENT 

1        ? ..RM Sn ^ ^eS 
1     E.V:RG. EQUIPMENT 

1 

1   Ai?  CG'.O.   k   DE-ICING 519 | 

1   =•.<:-■■—.PAP^C 

1   A   v;    !APY   GEAR 140 /       ! 1 
i|   Carro Handling 1 i 

|    ■--,    VARIATION 575 1 1 

I   '.VEiGHT  EMPTY ftfi 
| 

1    FIXED  USEFUL  LOAD IWO U10 vut 1 

I        irlii 1200 1500 720 
1         Tf<,.r>?ED   LIQUIDS 2^0 MO 230 
1       r-.r:!>.F  on 

400      ! inn 50ft» 
20000 1AW0 IfKKOn 

1   '~'-r-r' 
i     !-.,,<'''r-.rFRS/7'ROriP5 läoo 
i  Ferry Tmnk» 1050 •PffrtliiJ 1 
]    CROSS   /.EIGHT 68462 75412 105312 , 
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'■ '■:''^'~^'?€r^':~~-:~-'^ >:-^^~>v--*i'vrJ1.'-^r*-vi-1^ 

TABLE VII. HBIGBT SUMMARY FOR DESIGN POINT III MDLTIMISSION 
CAPSULE RECOVERY ROX£ 

DBS» 
caoss 
lOEIGRT 

MID- 
POINT 

MAX FUEL 2600 Mt 
ON     rsar 

RETURN   MISSXON 

«TOR  C-fiChP TfW i 
,■.•■;, CAC'Lf Oho !                  i    -            1 
TiSL  Cr-'nuf» ' MW !                    ! 
••^n.-Y   .-,??.;P 74^5 1                 j 

-iS<l = j                 1 

«rvcw-isv !                i                I                i • ' 
s-,:r\:..nooRS. ETC. i              ;               1               ! 

4LIGHT!\;  GEAR 2800 i 
FL if-iT   f.-l\T9nLS 5150 i                    ' 

.*••,-;*■" ?r'Tif.\ 1380 ■                    '                   i 

7ir Pcd 2010 i                                        1 
??--..SrONGRCLP 165*7 i                    1                    i 

r.rt\£S(s» 3410 i                     !                     1 
AiR   INDUCTION 340 -    :                          '                  l 

tXr4'„ST  SYSTEM 
;              .  ■ f                   '   . 

CO.VI»3   SYSTEM 20 i         i         i 
LJ3RICATISG  SYSTEM 175 1 ..], ■      i        ,1 

"..EL  SYSTEM 1Ö5 i   -          '             ■! 
'£':-.mg   COMSfiLS 115 - ! 

STARTING SCSTEM 213 i              i 
?S0?ELuER   ISST. 1                            i   ' 

• ?SIYE-*V5TrH 7170 I   .          i                           i              I 
Fan Instl. 3490 1                     i 

4;X.   PCAER   PLANT 182 ^^ 
i             '       I     '■ 

■%STR.   AND NAV. 400 , .    ! 
«V3»,   AND  PNEU. . Wm' i           i 

EJECTSICA!   GROUP 775 ! 
ELECTSOSilCS  GROUP 800 i 
iS-.-f.'EVT  GROUP m I                     '               ■        ■                        ! 
Fl'SX.   i  EOiJiP.   GROUP 1152 \50M)                           ! 

PERSON.   ACCOW. i                  I 
v;SC.   EQUIPVENT 

:i e.M cH|v,.-,S '                                 !                                i 

Er/ERG.   EQUIPVENT 

AIS   CC'iD.   -t   DE-ICING S1Q !                              '                              '                             i      ■ 

=---C-=;-?HIC 
1                    I                    i                   i 

•••■ v •■ i;,i)v   r;r^9 9M> 1                1   ■            ! 

Cir.^ro H£.r.ilins i                     !                     '                     1 

•■.--•;, VAS;AüöN S60 i          i          '          i 

■.'.EIGHT  EMPTY 56055 56055 56055       | 56055 
FIXED  USETJL   LOAD 1430 1430 U30       |     950 i 

■-or ft 1200 1200 1200 720 j 
TPAPPED   LIQUIDS 230 230 230 230 
£•;-;! \f   nil 
Surrir«! Equip. 200 200 200              200 

• .-■ 20000 5000 20000           52300 
r .■-!','- 15000 15000 i 

„ft'S".-.--,-;^./TROOPS 1    . 1980» 
Rftiek 272 272 272 272 ll 

GROSS WEIGHT 77957 77957 92957 111757 

77 



\             TABLE Vttl. WEIGHT SOHMMRY FOR OBSXGM POIMT V MOUPIMISSK» 
AIRCRAFT IH FESCUE ROUE 
'   - -    ■                       .    • •                           .     ...           _.._  —,—_ 

ß«SKW     ! MID- 

MGKERT     , 

2600 «t 
ran 
ÜI8S19H 

( 

= -.,-.   ^ " 

l   •-:   ^-S»                                      | 0790     !: 

[  ^i''    ^•'^P- :                           ! J^JJ ■ 

t 53r f .i*^' !           .■,.:..:':-.•' 'l SOW     ] 
\,„       "t~Si'           ,     ,':'   ~              .         ,     -        j i 

., -, -J?...i-V?=s.«1f,;-:         '.. -  .;.    ! i ! * 
I     ^'v^:,--^»?,. tte*-. 1 

[ ... :.-':Xi -Hin               \ 5150     ; 
'■     -;'   ZCKf^ilS 7796     i 

I S's -•.-.;  v;CT:ftS, 2610     i 
2m . 

I .??;„:>--s■:■^ .-.»CJP          I 2200C     1 ' 
ev; -.rsis! 47SÖ! 

[       -■?   iN-iCtiS-i 5»| ! 

I        r»;.-.Si.ST   ^YS"                       ] i - 

[     »:i.rv; sysfsy 35! 
I       i.i..ä8ifÄT!«.5  SVSTE« «0! 
I        ?. r;.   SVST£V                          I 3WÖI 

?■.-=:•.-: CC\TROLS !             190* 
!        STASTiVC  SYSTt'-' 33Ö1 
I       ^'i.'^i.Lt«   »\5T. i           ■ 1 

I    '.r-iii  sv?'?1V     , 7275!               1 
|    Fan Instl.             '- 5Ö6ÖJ 

V-31-   ?-4£S  PLANT IS     | 
■•.;".   AM  %AV. 400     ! 

292      1 t 

1 -.tc-?:ci.   -=OL' 1      775      | r" 
1500 \                 1 

1    49--i'-E;-.-   G=13L? 2000 1 
?J=^.   :i  £.:>;».   G'OwP [    1152 W) 

1        =t = fO-w   ACCOM. , 

1        v;SC.   ECUiWENT 1                                     | 
-   ?•.:-r!;\-s i f                 1 

j       =v-?.-...   tC.iPvEM 1          ! 1              !                1 
1  -; • c-\z, i Dt-iCiNC 510      ' 1       •        !                   !                   I 
I    =--^^-Sir»^; i" 1 1                 '                   1 

,    , ..  , .Sy   .r ., 11^1 >              1                !                i 
CjLr,To H^dlinp f                  1                   1                   ! 1 

1        -WO        i                        i       -                1 

.-.EiirrT   C .■?TY 73237        173237           i    73237 
1 

l-xf: L:£FL.L LC'-O 1    1660     i 1660 llflO i 
■        -.:.       rO 1200;        1200 7?n 

1      TAPPED I.;üU;üS !           i^oi         1.60 460 | 
j                                 1 

tffflibBt Smilp. ioo     1   inn arm» 
'««M      | 17«« KltWi 

.,,.. 

J,-."--' ",  - ./TS,'..-?5 WOO 
[Ferry Tsnk» 1100 «SuririT«l i Soolp. 

1    SSOSa   ftCiuWT 110800      | 94300 128717 
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TABLE ZX. NBiar snttMor FOR OBSIGH FOXHT V NCLTHIISSK» 
AI3tCIAFT IH CAPSDLE RECOVEI» Wim 

onsat 
OBBS 
VDQR 

MID- 
POIMT 

MAX FUEL 
ON 

RETOm 

2600 MX 
mar 
mssioi 

SÖTOÄ   rsCLP qng 1 i                   1 
Si\3  -.-..'VP tffSo ' 
Ti.i.  r.q.T.P «Rf 1 
-—.»-  »rnv. »   " 9KM i          i          ; 

?*«!-- i             !             i             1 
S:-r-srÄSY i               • 
srccsr.-rsoss. ETC. \                  I                   ^                                      i                  \ 

AtaSMTi^S GtAB 5150 1 
77%       1 (                              :                              !                             1 

f..-!'.?   «ft-TIWi 263Ö ■ 

Tio ?cc 2f?0 1            t 
=,?C=iLS>C\  GSCIJ!» ÜSÄIÖ i                    i 

£^G!^ES<Si 175Ö i                                  ;    - 
A15   !\OtCTlW 59ö ill 
rvi.ai,ST  SYSTEV i                              !                             (                               i 
C2CL!\5   SYSTEI« . 3J !             1                       ■"    1 
UUÖRICATINS  SYSTEM W 
-üEL  SYSTEV 27« ■                                                          i                            ^                            ^ 

r«i3!\S  COWSOLS 1* i        ■                      i              - 
STÄSTiNG  SYSTt1« 356 1 
?SC?£i,L£a   IXST. l              : 

•—-oiyr     vs'fy 7275 :               !               i              i            ■ 

Fa» Instl. W6 1           -i             ;             l             \ 
ALX.    PC.-.-H   ?LA\T IS 1 
!NST?.   AND  \AV. wo 1 
nV-.P.   &«.D  PNEU. 212 !                     i                     1 
ELECTR^AL  GCCP 775 !                 1 
ELECTS':*. 1CS  GSCUP 900 i                 1                i 
ia"iVE".T  GROi-P 

1                 •                1 
i'               i 

FU'N.   •-  EO.IP.   GROUP 1152 «060 !                 !                i' 
»ES5GN.   ACCOV. !                 !                i'             " 
•.'(SC.   EOUIPVENT 1    '            \                i 
F   PM £«!..<;« 

lii' 

j     E".;ES3,. EOCIPMENT . i                1                ! 
A:«» CC-::. ä DE-ICU". SM i                ■                ;               ! 
?-•-:-':-ciFH:c !                                                       i                            :                            i                            1                            1 
-   VLIisv   rSAH %0 1                ;                ,                i 

CCTSO Htsdlinp :                     :                     •                     1 
■■--.    Vi-IATICV 751 1                        :                        ;                       ! 

.'.EIÖriT  E-.:?TV 75168 7516«        7516« 75168      i                 i 
FIXES  'JSEEUL  LOAU^ 1660 1660 1660 1180 

i           *-,       (*) 1200 1200 1200 720! 
TRAPPED   LIOülOS ItfiO 460 7S 160* 

-. 
200 200 200 200 

27162 12162 16100 66700 
CJSrt.-. 1«JÖ0 15Q00 
»•.«■rr.-.-FRc/TftnnPs 

F«rry Tanks I     1900 

GRÜCS  WEICHT 104190 104190 128194 145214 
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TABLE X. HEIGHT SfRWMff fO» DCSIGH POX« V NDIffllflMXOil        J 
ÄIKSÄPT W TRMISPORT »OUS                                                       1 

mm   j  OVER 
'P»8       K LOAD 
WEESKf 

umwa 
\mt 
WSSÜM 

I irjcs :-.;..? :i 9*    ' 
1   *■-. ■   -• s,"!; *                                 j 1 i5  ' 
1     T'- ! -       C*'*  P i* S    ] 
1   r-^■'•■v    '. r"1   .-^ tno 

1 1 
i        5.'C.'\rJSY                               | 

*■■ ■ 

1     ?r-.-\r.---:r-?s. ETC   . i . 1 
1  üi.';xi:~r.r, CEAfi SIM      1 
J-';_;:-.T :~\T'S.-L,S              1 779»       1 _ 

I ■■■■'■:■  i--cz;c\ itöb 
1   ^■s ■« s,—-                          1 .zno 1 
[ -s.-s ■_<::% a'spy» 2(B8$ 
1. £v;:*.£s(si                     1 4750! 
1       AiS   l\rL.CTION                    1 $W| - 

1       EX."A\.3t   SYSTCM                  !i 
' i 

1        COC-L !«..-=   SVSTrV :«] 1 
1       l.i,a»!CATl\G  EVSTEV «Öl t 

1     '. r.. svsTiM iTte ■ j ■ -         1 
190 I i 

p       ÄTiST;\ö  SYSTEV 3!0 i 1 
1       ?»C-?E..£S   1NST.                } '■ 

1      •-?••.■£   <vcTE;v                        1 72*5 1 i 
i •  ?ZT. Instl. HW i 
1  ALX.   PÜ-4?R  »LAM , m V I 
I J-.ST9.   AND NAV. 

IHYJ'.   »-.3   P\lU. 2% , 

i ELtC-a-.cv. Gac'^p Tfi 
i    9S0      j 

1 i^viv-:--  CSSC^P 1       «0       I 
I   ?;■-%,   ■.■ £l3LilP-  GROUP i   MIO       1 >67% 
1       ?E»SOV.   ACCCV. 1                  1 

11       '.'ISC.   EQOIPVENT i 
1         r-j ;/• i «:,<[»■-« il                                     ■ 
p        EV-P,-..   gCUtPVENT 

i 

1   Air;  CC-.D.   n   DE-ICING T2?      ! 1                '                   1 1 

1   ?]i^S',*i*Hl.C i                    i                       :                       1 
1   ;   v •    » i^v   nr -.- ID        ' i            l            i 
I Ctrro Kcr.-linp i     040 J             1               !               1 
1     .T.-.      V.pi 1                              !                              ' 

1   .-.ilGHT EVPTY 74532 74532 74532     ! 
1   F:'<:0  UStr^L  LOAO 1660      i 1660 IMO L- 1 
j       -^r,v 1200 i 1200 •»20 

1 

1        TSAP^iD   UOUIOS Ltol i60 160 
1             :•-.--  r.\. 

90ft 
1700«     j 17999 

1   (-;.«-■ 
1    r.-.'r<rirr -rt;5yTRMI»S 

1   GROSS   /.EIGHT 104190    i 111190 U5112 
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I 4.  SELECTIQll OF BASELIWE AIRCRAFT 

I The above studies show that the aircraft required to fulfill 
| all of the requirements of the three basic missions is 
| • large, certainly for the first of a new VTOL aircraft type 

; | such as the stowed tilt rotor. This is so even if the 
| degree of commonality is restricted to the basic lift/pro- 
| - pulsion system. In establishing a baseline aircraft for 
I further studies it was decided that the weight should be no 
I higher than that of the basic rescue aircraft but other 
I versions of this design should be investigated to detezmine 
J their usefulness.  It was found that a transport aircraft, 
I based on the rescue aircraft lift/propulsion system, could 
| exceed the medium transport mission requirements if some 
| compromise were made in fuselage box size. 

I The Design Point IV transport aircraft has a cargo compart- 
I roent measuring 29 feet in length, 100 inches width between 
I the wheel wells, and 110 inches in height. These dimensions 
| axe  predicated on loading either 10,000 or 17,000 pounds of 
I cargo and utilizing the 463L cargo handling system; provid- 
I ing adequate width to permit the crew to traverse the entire 
I length of the aircraft when fully loaded; and allowing the 
I pallets to be loaded to a height of 8 feet. 
i 

| The baseline transport aircraft configuration can carry the 
I . same cargo weights as the Design Point IV transport (10,000 
I or 17,000 pounds) with restrictions only on the low density 
| cargos. Palletized loads 88 inches wide by 5 feet in height 
| may be loaded from trucks or by using fork lifts and keeping 
I the ramp horizontal. Eighty-eight inch wide pallet load 
\ height may be increased to 80 inches if the width is 
I decreased fron 88 inches at a 60-inch height to a maximum 
* width of 70 inches at 80-inch height. Pallet loads 88 

inches wide by approximately 4 feet in height may be loaded 
■ over the sloping ramp. The baseline transport cargo-hold 

dimensions will not permit the crew to move aft alongside 
the cargo when fully loaded but there is sufficient head- 
room to permit their going aft over the top of rectangular 
loads which are 80 inches wide. Loads 80 inches wide and 
75 inches high may be loaded over the ramp. 

i The above concessions to volume and crew mobility have per- 
| mitted a reduction in fuselage cross-section from a floor 
f width of 100 inches to 96 inches and in floor to ceiling 
I height of from 110 inches to 84 inches.  A comparison of 
' the two fuselage cross-sections is shown on Figure 36. 
■ Table XI presents a comparison of the cargo hold dimensions 

of some aircraft of similar capacity. 
The resulting baseline aircraft are described in Section V, 

| BASELINE CONFIGURATION DESCRIPTION. 
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TABLE XI«  COMPARISON OF MEDIUM TRANSPORT AIRCRAFT 
CARGO HOLD DIMENSIONS 

Aircraft 
Designation 

Length 
(ft - in.) 

Width 
(in.) 

Height 
(in,) 

29 100 110 

30 96 84 

24 - 2 79 70 

30 - 2 90 78 

30 90 78 

30 90 84 

31 - 4 93 74 

28 - 9 110* 97 

31 - 8 93 to 84      75 

28 - 9 73 75 

36 - 11 110 92 

Design Point IV 

Baseline Aircraft 

CH-46 

CH-47 

CH-53 

XC-142 

CV-7A 

C123 

C-2A 

CV-2B 

C-119G 

^Between Wheel Wells 
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SECTION V 

BASELINE CONFIGORATIOM DESCRIPTION 

GENERAL ARRANGEMENT AND CHARACTERISTICS 

As described in the previous Section, the baseline approach 
is to use the Design Point I aircraft with sane modifica- 
tions for the rescue mission, and to use an identical lift 
propulsion system with a new larger fuselage and STOL land- 
ing gear for transport application. The major differences 
between the Design Point I aircraft and the baseline rescue 
aircraft are: 

a. A small increase in span to preserve rotor tip to 
I fuselage side clearance for the transport variant. 
t 

I b. The wing thickness was increased from 16 percent to 
I 20 percent thickness-chord ratio using a new advanced- 
I technology airfoil described in Section VI, Aerodynamics, 
I 
| c. A change in wing geometry from a straight taper to a 
| cranked planform to reduce the nacelle pivot to rotor 
I plane overhang. This planform and its development is 
I described more fully in Volume II. 

| d. Elimination of the under-floor fuel in view of the 
I increased fuel volume available in the thicker wing. 
I 
I e. For the baseline aircraft configured for the transport 
I mission the landing gear was designed in accordance 
I with the following requirements: 
I 
i (1) California bearing ratio 
I (CBR) 4 

(2)  Number of passes        75 
I (3) Maximum sinking speed    15 fps 
j (4) Limit landing load        3.0g at aircraft eg 
I factors 2.0g at gear 
I (5) Capable of rough field 
[ operation 
| 
| Three-view drawings of the baseline rescue aircraft and 
I transport aircraft are shown in Figures 37 and 38, and an 
l inboard profile of the rescue vehicle fuselage in Figure 39. 
I 
| ' While more detailed data on the baseline aircraft are 
f available in other parts of this report, the principal 
I items of interest are summarized here for convenience. 
I    ■ Table XII gives the major weights, dimensions, and other 
f data on the two baseline aircraft; and Table XIIX gives 
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TADLE XII.  GENERAL CHARACTERISTICS OP BASELINE AIRCRAFT 

Characteristics 

Baseline Aircraft 
Rescue 'transport 
Version Version 

67,000 67,000 
78,522 80,387 
43,336 44,607 
21,929 11,058 
22,000 22,000 

17,454 17,454 
4 4 

4,363 4,363 
6.0 6.0 

6,300 6,300 
79 per- 79 per- 
cent cent 
(climb) (climb) 

49.20 49.20 
2 2 

6,215 6,215 
100 per- 100 per- 
cent rpm cent rpm 
(hover) (hover) 

15 15 

0.100 0.100 
4 4 

1.93 1.93 

68.25 70.00 
66.10 66.10 
22.75 24.74 
68.25 70.00 

110.40 110.40 
25.50 26.00 

WEIGHTS 

Design Takeoff Weight (lb) 
Maximum Takeoff Weight, Ferry (lb) 
Empty Weight (lb) 
Design Mission Fuel (lb) 
Fuel Tank Capacity, Wing Only (lb) 

POWER 

Total Horsepower SL Std Max (hp) 
Number of Engines 
Horsepower Each (hp) 
Bypass Ratio 
Rotor Transmission Torque Limit 
At the Following Conditions (hp) 

ROTOR 

Diameter (ft) 
Number of Rotors 
Rotor Power Limit (Each) 
At the Following Conditions (hp) 

Disc Loading at Midpoint 
Gross Weight (psf) 

Solidity 
Number Blades/Rotor 
Average Blade Chord (ft) 

DIMENSIONS (Overall) 

Length, Rotors Folded (ft) 
Width, Rotcrs Folded (ft) 
Height, Rotors Folded (ft) 
Length, Rotors Unfolded (ft) 
Width, Rotors Unfolded (ft) 
Height, Rotors unfolded (ft) 
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I i 

TABLE XII. (Continued) 

BaieIine~AixcriIt' 

Characteristics 

FUSELAGE 

Fuselage Length (ft) 
Fuselage Width (ft - in.) 

Fuselage Height (ft - in.) 

CABIN SIZE (Internal Dimensions) 

Length (ft) 
Width (ft - in.) 

Height (ft - in.) 

WING 

Span (ft) 
Area (sq ft) 
Aspect Ratio 
Wing Loading at Takeoff 

Gross Weight (psf) 
Sweep 1/4 Chord, Two Stage (degree) 
Taper Ratio, Two Stage 

MAC (ft) 
C (ft) 
CR (ft) 
CT (ft) 
T/C Root and Tip (percent) 
Dihedral 
Incidence (degrees) 
Twist 

HORIZONTAL TAIL 

Span (ft) 
Area (sq ft) 
Aspect Ratio 
Tail Volume 
Moment Arm (ft) 

Taper Ratio 
Sweep 1/4 Chord (degrees) 

Rescue 
Version 

Transport 
Version 

59.50 60.00 
6.67 - 10.00 - 

80 120 
8.75 - 10.42 - 

105 125 

22.00 30.00 
5.50 - 8.34 - 

66 100 
7.00 - 7.00 - 

84 84 

61.20 61.20 
744 744 

5.04 5.04 
90 90 

-14 +5 -14 +5 
0.77/ 0.77/ 

0.72 0.72 
12.40 12.40 
12.20 12.20 
16.20 16.20 
9.20 9.20 

20 20 
zero ?!ero 

3 3 
none none 

28.17 28.17 
199 199 
4.0 4.0 

0.805 0.765 
36.6 35.30 
(2.96 (2.85 
mac) mac) 
0.333 0.333 

25 25 
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TABLE XII, (Continued) 

""" Baseline Aircraft 

Characteristics 
Rescue 
Version 

Transport 
Version 

HORIZONTAL TAIL 

MAC (ft) 
C (ft) 
CR (ft) 
CT (ft) 
T/C Root and Tip (percent) 
Dihedral 
Incidence (degrees) 

VERTICAL TAIL 

Span, Height (ft) 
Area (sq ft) 
Aspect Ratio 
Tail Volume 
Moment Arm (ft) 

Taper Ratio 
Sweep 1/4 Chord (degrees) 
MAC (ft) 
C (ft) 
CR (ft) 
CT (ft) 
T/C Root and Tip (percent) 

ROTOR POD 

Length (ft) 
Diameter (ft) 

LANDING GEAR 

Nose Tires (Type and Size) 

Main Tires (Type and Size) 

Auxiliary Outrigger Tires 
(Type and Size) 

Tread 
Wheel Base 
Turn Over Angle 
Tip Back Angle 
Flare Angle 

7.60 7.60 
7.0C 7.no 
10.50 10.50 
3.50 3.50 

15 15 
zero zero 

+25, -8 +25, -8 

12.42 12.42 
154 154 

1.00 1.00 
0.100 0.088 
26.60 26.00 
(2.15 (2.10 
mac) mac) 
0.535 0.535 

42 42 
12.75 12.75 
12.40 12.40 
16.20 16.20 
8.66 8.66 

14 14 

34.20 34.20 
4.65 4.65 

TYPE VII TYPE VII 
22 x 6.6 30 x 7.7 
TYPE VII TYPE VII 
36 x 11 32 x 8.8 
TYPE III none 
7.00 - 6 

22.66 14.25 
28.00 24.25 
> 27 27 

30 20 
15 15 

90 



4 

i I 
;, I 

CREW AND EQUIPMENT 
1. PILOT 
2. COPILOT 
3. RESCUE CREW (3) 
4. JUMP SEAT 
5. INSTRUMENT PANEL 
6. ENGINE CONTROL PEDESTAL 
7. SIDE CONSOLES 
8. OVERHEAD INSTRUMENT PANE . 
9. MCmOCYCLIC CONTROL STICK 

10. COLLECTIVE PITCH STICK 
11. RUDDER PEDALS (MAIN GEAR BRAKES) 
12. FLIGHT DECK ENTRANCE 
13. SIDE ACCESS DOOR (RESCUE) 
14. RESCUE HOIST AND WINCH 
15. CRASH AXE 
16. PORTABLE FIRE EXTINGUISHER 
17. PORTABLE OXYGEN BOTTLE 

AND MASK (2) 
18. REMOTE CONTROLLED TURRET (2) 
19. AMMO STOWAGE (2) 
20. AMMO BELT 
21. GUN SIGHT 
22. LITTERS (6) 
23. FOLDING SEATS (3) 
24. DAVIT 
25. VWNCH 
26. POLES (2) 
27. LOUDHAILER _ 
28. FOREST CANOPY PENETRATOR        ^9 

NOMENCLATURE KEY 

STRUCTURE 
101. RADOME 
102. FLIGHT DECK 
103. FORWARD MAIN BULKHEAD 
104. WOSE GEAR WHEEL AND STRUT 
105. NOSE GEAR DOORS 
106. PRESSURE BULKHEAD 
107. DOOR 
108. VERTICAL STABILIZER 
10S. RUDDER 
110. HORIZONTAL STABILIZER 
111. MAIN GEAR 
112. MAIN GEAR DOORS 
-<13. AIR RESCUE DOORS 

® 

SUBSYSTEMS 
201. IN FLIGHT 

SEARCHL 
PITOTTUl 
ANTI-COL 
NAVIGAT 
AVIONICS 
TERRAIN 
GLIDE SL« 
FMHOMir 
X BAND A 
TACAN/IF 
VHF/FM A 
IFFINTEF 
HF-SSBAr> 
VOR/LOC 
RADAR W 
VHF ANTI 
RADAR A 
LOW LIGI- 
DOPPLER 
IFFINTEF 
MARKER 
VHF/UHF 
SENSE AN 
ADFLOOI 
SEXTANT 
CRASH BE 
DRIVE SH 

202. 
203. 
204. 
206. 
206. 
207. 
208. 
209. 
210. 
211. 
212. 
213. 
214. 
215. 
216. 
217. 
218. 
219. 
220. 
221. 
222. 
223. 
224. 
225. 
226. 
227. 
228. 

Figure 39.  Baseline Aircraft Rescue Version Inboard Profile. 

91 



V 

IMS 
FLIGHT REFUELING PROBE (OPTIONAL) 

ARCHLIGHT (2) 
tOTTUBE 
ITI COLLISION LIGHT (3) 
kVIGATION LIGHT (3) 
f IONICS COMPONENTS RACK 
■BRAIN RADAR ANTENNA 
.•DE SLOPE RCVR ANTENNA 
I HOMING ANTENNA 
BAND ANTENNA (2} 
KAN/IFF TRANSPONDER (2) 
ir/FM ANTENNA 
F INTERROGATOR (VHF) 
?-SS8 ANTENNA 
)R/LOC ANTENNA (2) 
kDAR WARNING SENSOR 
IF ANTENNA 
WAR ALTIMETER 
Wf LIGHT LEVEL TV 
DPPLER ANTENNA 
F INTERROGATOR 
ARKER BEACON 
4FAJHFADF 
üföE ANTENNA-LFADF 
>F LOOP ANTENNA 
XTANT 
IASH BEACON 
«VESHAFT 



TABLE XIII.  «EIGHT SttMUOQr FOR BASELINE RESCUE AND TRMISPORT 

I BgSCOE VEBSIOÜ 
!PRK 
JEST 

"1 e ■ 

RBLIH. 
IMATBI 

CURRENT 
ESTIMATE 

;-- r~"»v? 

uw> 
■f^i;V.-P?vRS..ETC. 

t,:SrT;\' G£AS 

OS- 
mi,f}iht * I ■MiS 

?ir ?c<i 
*>•.=: Li'Z-\  SSOLP 

SjäräslSL 
Al^   INDUCTION 

•:»A'.ST   SYSTEM 

av>;N; STSTF-! 
,5fi:CATI\G SYSTEW 

rv'AE  CO^TKOLS 

S?ASTi\G JYSliM 

•'SSPEt.LER   ir;ST. 

r^!V£.,SY£Ta: 
?in Instl. 

A.X.   ?ZitR  PLANT 

•.STP.   *\S  N^V. 

"■■s eas^ 
sa^g 
G~OL:? 

.ASVAV-NT  GSOüp 

5.285 
4.490 

975 

*x?36 
5.710 

982 
JUttfi L, 3,250 

2,480 
3.P9Q 

920 
1,37c 

U^iM. 

2.385 
?ig3f 

JLlSfi. 
1,81.1 

nafii- 
2,5101 2,134. 

2601 360 

JÜ -151 
130! .2£L 

2.130i 2.48S: 
J5« 
148 

4,810 
X?7o 
182 
JM. 
292 
775 

JUL 
14 

4,485! 
ITM 

1,500 
2,000 

PI.-".. akiii Q^gyp 
?;rS:\.   ACCOM, 

":£C.   EGUiPVEUT 

■.-LP:.i.£nir.:s. 
."ÜSC,   EC'iilPS'ENT 

UÄL >6.9BQ 

319 

■  .V'L; .-.cv   r.^ft 

v-i-.-.TO .lana^iriff 
rr-.   V£S I ^T ! n\ 

140 

_42fi_ jUi 
.-.EIGHT  EMPTY 

FIXED uSEFUL LOAD 

cp-:/. 

>i=PED   LIQUIDS 

Combat Equip. 
rr 

p/.f.r.ii.r^aa/TRanps 

jR0$S  WEIGHT 

PRANSPORT VERSION 
PRELIM.    CUILENT 

äSTIMATE I ESTIMAT^ 
5^285 
4.220 

4,936 

975 
5,710 

982 
3^m i 5,060 

4^340 3^195 
! 3.8?0 i 3,6?6 

92Q U*250. 
1,370 1,811 

.112*525 ll.m 

r 2,510 S 2,134, 
260 ! 360 

.15- 25- 
.130. 

2.000 
-2£i. 

JUSlL 
.85. 

141 
.12. 
148 

4,810 4x485 
2^841 

182 182 
400 "iüTT 

„222- 292 
775 JLZSL 
950 .äSQ. 
^ü. ^Ü. 

^052 I 1.470 

519 519 

40 40 
990 920 
MZ. JM. 

42,714     I 43,336    I +622        144,220      i44,607     1+  387 
1,335 

1.200 
1,335 

70 

400 
.65 

22.600 

57,049       67,000 

"W 
21.979 

1,335      !   1,335 
1.200 

135 

11.445      111.058 
10,000 !10,Q0Q 

57,000       67,000 
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suiranaries of the weights. This sucanary shows the changes 
in weight which have occurred front the initial selection of 
the baseline aircraft to the end of the study, and reflects 
the weight changes iue to refinement of the analysis and 
inclusion of analys .3 of the component designs. The weight 
increase shcsvn for he rescue ship, if the mid-point hover 
design criteria are adhered to, would reduce the radius by 
40 nautical miles. The detailed performance and the drag 
breakdown given for the Design Point I rescue aircraft in 
Appendix I also apply to the baseline rescue aircraft. 
The drag breakdown of the transport version is given in 
Table XIV, and a performance summary in Figure 40. 

The VTOI: outrigger-type landing gear of the Design Point I 
aircraft was retained for the baseline rescue vehicle, but 
commonality with the STOL gear essential to the transport 
variant would be desirable. Continuing work should give 
consideration to a basically conmon complete airframe for 
rescue and transport roles using th basic transport fuse- 
lage and making minimum modifications to this fuselage for 
installation of the rescue systems and armament installa- 
tion for the rescue role. Such an approach would permit 
the rescue mission requirements to be met if air to air 
refueling could be tolerated after completion oi the low 
level dash on the return leg. 

94 



TABLE XIV.  MIMIMDN PAR£SITE DRAG BRBAXDOHK OP 
BASELINE AIRCRAFT, TRANSPORT VERSION 

88 

V 
COMPONENT AREA V % Afe 

(sq ft) 

FUSELAGE 1553 0.001901 2.9523 
l-IJ "Effects 0.3299 
Excrescences 0.2442 
Canopy 0.2062 
Afterbody (Base Drag) 0.4575 

4.1901 
WING 1245.3 0.002361 2.9402 
3-=5 Effects 0.9817 
Excrescences G.1651 
G  flaps, slats 

p ailerons, spoilers 0.3170 
Body Interference 0.9188 

5.323 
HORIZONTAL TAIL 375.3 0.00257 0.9645 
3-D Effects 0.2946 
Excrescences & Gaps 0.1124 
Interference 0.5395 

1.9110 
VERTICAL TAIL 310.3 0.002379 0.7382 
3-b Effects 0.2059 
Excrescences & Gaps 0.0844 
Interference 0.0677 

1.0962 
ROTOR NACELLES 390.3 0.002048 0.7993 
3-D EffectsTper nacelle) 0.0673 
Excrescences 0.1845 Total 
Interference 0.1252 
Blades Folded 0.2445 

2.8416 
ENGINE NACELLES 241.6 0.00228 0.5509 
Effects of Boattail 0.0461 
Excrescences (per nacelle) 0.2223 Total 
Interference 0.4645 
Inlets 0.4762 

3.520 
LANDING GEAR POD 154. 0.002264 0.3487 
3-D Effects 0.0820 
Excrescences 0.1138 
Interference 0.1138 

MISCELLANEOUS 
Roughness (% ^A^^,) 
Cooling 

Trim 
Air Conditioning 

.6583 

0.7339 
*R /ft =   0.4472 

e      fi 
2.592 x 10b 

0.0652 

1.2463 

TOTAL (sq ft) 4901.7  0.002172 20.79 
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SEGTIOM VI 

AERODYMAMICS 

1*  REQUIRED AND AVAILABLE POWER 

Figure 41 shows the power required and available for all 
modes of rotor driven flight up to 2SO knots> These data 
are given for the baseline rescue aircraft at the 3,000 
feet, iS*F condition for the initial takeoff weight. The 
thrust required and available for the baseline rescue 
aircraft in the conventional fan driven flight mode is 
given in Figure 42. The two mission cruise altitudes were 
selected for this plot. Note that the level flight speed 
at normal rated power is 412 knots at 20,000 feet, hot day 
conditions. The speed at 3,000 feet is limited to 370 knots 
by the maximum operating speed (V.., q limited) . 

2.  ADVANCED AIRFOIL DEVELOPMENT 

Due to the problems of wing to rotor clearance and nacelle 
overhang the stowad-tilt-rotor configuration is constrained 
to an essentially upswept wing. High critical Mach numbers 
must, therefore, be attained through the use of low thick- 
ness to chord ratio airfoils. However, thin wings are 
undesirable from a structural standpoint, especially so 
when the aircraft is literally picked up by the wingtips in 
hover. 

Fortunately, recent development of so called "peaky" 
airfoil sections shows considerable promise of a significant 
increase .n critical Mach number for a given airfoil thick- 
ness as compared to conventional sections. The special 
merits of sections with peaky pressure distributions are 
due to the favorable way in which the supersonic flow 
develops, thereby keeping the shock weak and delaying the 
onset o2  wave drag and shock-induced separation. 

Boeing research has concentrated on sections of approxi-«- 
mately 0.10 thickness chord ratio for high subsonic speed 
transport aircraft and rotor blade outboard sections. 
Figure 43 shows some of the results of this research 
progress made up to 1968, and projects the capability 
expected in 1972.  The 20-percent thick section of the 
baseline aircraft was generated by transonic similarity 
techniques (Reference 1) to give a drag divergence Mach 
number of 0.65. This is compatible with the 400-knot 
cruise speed of the rescue version and was used to replace 
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SHAFT 
HORSEPOWER 
(1000 HP) 

FLAPS AT 
30 DEGREES 

200 250 

TRUE AIRSPEED (KN) 

Figure 41. Power Available and Required in Rotor Driven Flight 
Modes for the Baseline Rescue Aircraft. 
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ALTITUDE 
20,000 FT 
3,000 FT 

THRUST 
REQUIRED 

200      250      300      350      400 

TRUE AISPEED (KN) 

Figure 42. Thrust Available and Required for the Baseline Rescue 
Aircraft for Air Force Kot Day. 
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' i 

the Ifi-perc^t conventional section used in the preliminary 
studies} it reduces the xfing box ««eight by thirteen percent. 
The data of Figure 4* was derived from Figure 43 and the 
drag divergence projection for the 2t-percent thick airfoil. 
The expected 1972 capability trend was used in the speed 
trade-off study of Section v. 

3.  APTOROTATIOM ANALYSIS 

One of the advantages of a low-disc-loading tilt-rotor 
aircraft is that it possesses a fair degree of autorotative 
capability. To investigate this capability a simple 
analysis of the motion of a tilt-rotor aircraft in a 
partial power descent was derived. 

Briefly stated, the analysis was based on a simple point- 
mass simulation of the notion of the airframe and the 
variation of rotor speed during the descent. The accelera- 
tion of the airframe was computed from the summation of the 
rotor thrust, and the airframe weight and download force 
vectors, using Newton's third law. The estimate of thrust 
accounted for the power available (which defined a static 
thrust), the variation o* thrusL. with rate of sink, and the 
increase in thrust due to ground effect. The time rate of 
change of rotor speed was obtained from the relationship 
between the power rectired from the rotor and the time 
rate of change of rolar kinetic energy. The power required 
is a function of the required thrust which, in turn, is 
obtained from a specicied value of average blade lift 
coefficient. 

Simple axial momentum theory was used to give an estimate of 
the variation of thrust with rate of sink. This theory 
has been found to give good results at low descent 
rates in the range required for the vortex-ring state 
but does not apply for the turbulent-brake or windmill 
states. The increase in thrust due to ground effect was 
given by empirical ground effect curves obtained from 
various sources. The curves, shown in Figure 45, were 
also used for the STOL performance analysis. 

The assumed descent profile consisted of the following: 
the aircraft was assumed to be at some wheel height with 
an initial rate-of-sink and all engines operating.  At time 
zero, a number of engines fail, and power drops instantly 
to the level of output of the remaining engines. After a 
0.2 second delay, the pilot commands emergency power and 
the power begins to ramp up to the emergency level on the 
rena.ining engines. At some given wheel height (flare 
height), the pilot pulls in collective pitch to reduce the 
rate of sink for touchdown.  The simulation ends when the 
aircraft contacts the ground. 
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NOTES8 
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Figure 44.  Critical Mach Number of Advanced Airfoils, 
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1.6 
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1.4 

RATIO OF 
THRUST IGE 
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1 ! 1- 
DERIVED FROM FIG. 2-16 
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D8-2367-1 

REF. INTRODUCTION TO 
HELICOPTER AERODYNAMICS 
W.Z. STEPNEWSKI, CHAP. VI 
FIG. 4. 
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1.0      2.0      3.0      4.0 
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Figure 45.  Ground Effect on Rotor Thrust at Constant Power, 
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The (differential) equations of «otio» were solved asing 
nunerical integration techniques to produce tiMe-histories 
of wheel height* rate-of-sink, and rotor speed from engine 
failure at the 50-foot wheel height to ground contact. 

Typical results of the analysis are shown in Figure 46. 
These curves show tine histories of rate-of-sink, rotor 
speed, and thrust to weight ratio with various assumed 
flare heights. These results indicate that when the pilot 
initiates the collective pitch flare at about 10-foot 
wheel height, the rate of sink at touchdown is reduced to 
about 4 fps with about 60 rpai decrease in rotor speed. 
These results are to be expected since the aircraft was 
sized initially to hover in ground effect with one engine 
inqperative. This data is for the Design Point IV aircraft. 

4.  STOL PERFORMAMCE METHODS 

The STOL take-off data shown in the performance sunmu.. xes 
was computed with a program which uses a two-degree-ot- 
freedom point mass trajectory analysis of the takeoff. 
Inclined disc momentum theory is used to compute rotor 
performance. This theory has been found to give a conser- 
vative estimate of the thrust in the velocity range of 
interest for STOL takeoff. As a first approximation, it 
has been assumed that there is no interaction between the 
wing and rotor slipstream. This gives an overestimate of 
the lift and drag of the airframe which tends to counter 
the underestimate in thrust given by the momentum theory. 

The program has three operational simulation modes: rolling 
STOL takeoff, helicopter-type takeoff, and a helicopter 
accelerate-stop maneuver. In operation, the program first 
computes the critical speeds for takeoff based on stall 
speed margins and engine-out climb requirements. The 
program then proceeds to compute the ground and air run 
segments. During the ground run the program considers 
limitations on nose wheel height and fuselage pitch angle 
in determining the attitude of the aircraft. Also, if the 
lift-to-weight (L/W) ratio exceeds 1.0 during the ground 
run the program depresses angle of attack to maintain L/W 
equal to 1.0. When velocity reaches a specified rotation 
or lift-off speed the program enters the air run segment. 
Five pilot technique options are included to control the 
attitude of the aircraft in this segment. The simulation 
ends when the aircraft passes the obstacle height. 
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Figure 46. Vertical Partial Power Descent With One 
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The pcwer-off aerodynanic characteristics of th« aircraft 
ware computed using the USAF QATCXHI. Tbase are shown in 
Figures 47 and 48 for 0 and 30 degree flaps. 

In the analysis, lift-off speeds vere liaited by a critical 
speed boundary defined as the largest of the speeds given 
by the following conditions: 

Miitimim speed tor L/W »  1.2 (All Engines Operating) 

1.2 x Minimum speed for L/W ■ 1 (One-iSngine Inoperative) 

(Hinimum speed for L/W » 1) + 10 Knots (One-Engine 
Inoperative) 

Minimum speed for L/W =1.1 (One-Engine Inoperative) 

Minimum speed for 
climb angle • 3-degrees (One-Engine 

Inoperative) 

Takeoff angle of attack was limited to 1.0 Chu^v'  no angle- 
of-attack limit was assumed for landing. 

Seventy-degree angle nacelle incidence (an) appears to be a 
minimum for rolling takeoff maneuvers. At 55-degree nacelle 
incidence, the aircraft develops insufficient lift for 
takeoff when the angle of attack is limited by the maximum 
lift angle. The reason for this is that since the rotor 
supplies the bulk of the lift the inclination of the thrust 
vector has a large effect on the lift. The thrust 
contribution to the total lift is T sin an or, in terms of 
lift to weight ratio, T/W sin an.    When T/W is less than 
1/sin «N' ^Ue deficiency in lift must be made up by the 
wing. For ow less than 80 degrees, the thrust of the rotor 
decreases as speed increases. This adds an additional 
increment in lift to be supplied by the wing. The result 
is that the speed must be fairly large before L/W equal to 
1 can be attained. As speed increases the combination of 
thrust decay and increase in drag causes longitudinal 
acceleration to decrease. In the 55-degree nacelle incidence 
cases the acceleration fell to zero before the speed for 
L/W equal to 1 could be reached and the cases were rejected. 

The 30-degree flap setting was chosen as the one giving the . 
best compromise between drag and maximum lift. The Model 
150 power-off wind tunnel tests results indicate that the 
30-degree flap setting lies on the knees of the C- versus 
flap angle and C» versus flap angle curves. 

The takeoff and landing curves have been faired to use tilt 
angles from 90 degrees at vertical takeoff weight to 70 
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Figure 47.  Stowed-Tilt-Rotor Power-Off Lift Characteristics, 
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degrees at some higher gross weight. The takeoff distances 
calculated are shown in Figures 24, 31, and 40. Landing 
distances did not vary by more than 50 feet from the takeoff 
distance at any given gross weight. 

The performance of the aircraft in the helicopter mode 
gave distances approximately 60 feet longer than rolling 
takeoffs. It was found that the accelerate-stop 
distances were consistently lower than the distances for 
continuing the takeoff after engine failure. 

5. THRUST MARGINS USED IN ENGINE SIZING AND PERFORMANCE 
CALCULATIONS 

a. Download (T/W) 

The basic downloads assumed in hover flight were based 
on tests of a tilt-rotor full-scale wing under a CH-47 
helicopter rotor on the Flight Dynamics Laboratory whirl 
tower at Wright-Patterson Air Force Base. The actual 
download, area of impingement, and disc loading were 
used to obtain an equivalent download coefficient. 

_  _ Download  ,,* 
De  Swr W/Atest data 

where SWI = total wing area of impingement 

(Note: This includes the advantages of leading-edge 
slats, and trailing-edge flaps, as shown in the subject 
configurations.) 

then,      T = GW + CD . W/A . SWI (2) 
e 

finally, 

^"basic a 1 - CD TS^ 
(3) 

e 
where SWI (total) 

=Ct (0.707 DR-DNac# 

+ T?r (5DJ - D2 ) AR   R   nac 

) 
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A   = Totcl disc area (sq ft) 

Ct  = Wing tip chord (ft) 

DR  - Rotor Diameter (ft) 

D ,„ = Rotor nacelle diameter (ft) nac 

The drag of the nontilting portion of the nacelle in 
the rotor downwash was calculated and included in the 
final CD . 

e 

b. Trim and Maneuverability 

The analysis used assumes trim plus 100 percent control 
about the critical axis and 50 percent control about 
the other two. For the small amount of cyclic used 
for trim and pitch control, cyclic rotor hover tests 
have shown the thrust loss to be negligible. Yaw 
control lift loss is due to the cosine effect of 
differentially tilting the thrust vectors. Application 
of roll control causes the rotors to operate above and 
below the optimum CT value, consequently reducing the 
figure of merit. In summary, these effects for the 
design point aircraft are: 

. THRUST „_     - 

c. fpm) 

WEIGHT ^u"e" 

Trim 
Pitch Control 
Yaw Control 
Roll Control 

Rate of Climb (500 

0.015 
0.025 

The analysis used separates the rate of climb T/W 
increase into two contributions: 1) due to the power 
expended to achieve vertical climb; and 2) due to wing 
drag in vertical climb. The following is a summary of 
the combined thrust to weight values used in the 
performance studies: 

I and 
III 

1.040 
0.033 
0.052 

Design Point 

IV    V     VI 
T/W (with download) 
Trim and Maneuver 
Rate of Climb 

(500 fpm) 

1.0416  1.046  1.053 
0.0290 0.0290 0.0290 
0.0510  0.0480 0.0480 
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SECTIOK VII 

WEIGHT AND BALANCE 

This section contains the proposed 1976 weights for the base- 
line aircraft. AN-9103-D weight statements, group weight and 
balance, mission gross weights, center of gravity limits, and 
inertias are presented for both the rescue and the transport 
baseline aircraft. Justification is contained in Section XII. 

1.  BASELINE RESCUE AIRCRAFT WEIGHT AND BALANCE 

Weight and balance information for the Design Point base- 
line rescue aircraft is presented in Tables XV and XVI. 

The center of gravity and balance calculations for the 
various baseline rescue design gross weight conditions are 
summarized in Table XVII. 

Vertical flight center of gravity limits have been deter- 
mined to be between 26- and 40-percent MAC. The rotor pod 
pivot point and center line of thrust are located at 33- 
percent MAC. 

The horizontal flight center of gravity limits have been 
determined to be between 13- and 33-percent MAC. 

Reference data for the center of gravity calculations are: 

a. Horizontal arms are given as fuselage stations. 

b. Vertical arms are given as waterlines. 

c. Fuselage station 0 is 200 inches forward of the forward 
cargo compartment bulkhead. 

d. Waterline 0 is 100 inches below the cargo floor. 

e. Leading edge of MAC is at fuselage station 371. 

f. Length of MAC is 149 inches. 

g. Rotor pivot point is at fuselage station 420 and 
waterline 190. 

Table XVIII summarizes the moments of inertia for the baseline 
rescue aircraft. 
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GROUP WEIGHT STATEMENT 
ESTIMATED. gMBnBDHfWKXJMWyXXX 

BASELIKE RESCUE AIRCRAFT 

CONTRACT NO. 

AIRPLANE. GOVERNMENT NO. 

AIRPLANE, CONTRACTOR NO.. 

MANUFACTURED RY 

MAIN 
i  

AUXILIARY 

ill 
MANUPACTURED BY 

i MODEL 

NO. 

at 

1 
MANUPACTURED BY 

DESIGN NO. 

NO. 
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TABLE XV. BASELINE RESCUE hISCWMT GROUP WEIOIf 
(WEIGHT EMPTY) 

I   »INC GROöl1 
- , ____ _ .. ™ 

— — 
 "         -   5710      1 

2             CENTER SECTION - tASIC STRUCTURE 
3             INTERMEDIATE PANEL ■ »A 
V          OUTER PANEL . BASIC STRII 

T           SECOHOARY STRUCTURE (ID 
f            AILERONS (INCL. BALANCE 
•            FLAPS . TRAILIN» EDCE 
9                         • LEADING EDGE 

fO             SLATS 
U            SPOILERS 

SIC STRUCTURC 
ICTURE (INCL. TIPS              LBS.) 

iCL. «INGFOLO MiCHANIIM              LBS.)      J 
WEIGHT              LBS.)                                     n 

13 
SPEED BRAKES 

14 
IS   TAIL CROUP 982 

17            FINS • BASIC STRUCTURE UNCL. DORSAL  *-m - 
/ERTICAL 

LBS.) 

 _  491 

21 
22 
23   BOi 
24 
25 
26 
27 
a 
29 
30 

ELEVATOR (INCL. BALANCE «EIGHT 
   4»1-— 

RUDDERS (INCL. BALANCE «BIGHT               LBS.)                                          J 

»Y CROUP                                                                                                                                           1 • 3250      1 
FUSELAGE OR HULL • BASIC STRUCTURE 2500 
BOOMS. BASIC STRUCTURE 
SECONDARY STRUCTURE • rUSELAGE OR HULL 750 

• BOOMS 
-S 
• c 

PEIOBRAKES 
NDORS, PANELS & MISC. 

31  ALIGHTING GEAR CROUP • LAND (TYPE:                                                                     ) 2385 
32 
33 

LOCATION 
■MttLS, MM« 
TMCS. TUKtr MR 

STRUCTURt COMTROUS 

34 
35 
3« 
37 
3S       1 
39 
40 ALIGHTING GEAR GROUP • WATER 
41 LOCATION rtOATt IT«!« ■ ■ 

• 

42 
43 
44 
45 
4« SURFACE CONTROLS GROUP 3636 
47            COCKPIT CONTROLS 103 
4«__ 
49 
50 

AUTOMATIC PILOT SAS  131  

HYD.   =   500-   CONVENTIONAL  =   502.   TILT MECH.   =   1050 
 1350  

51   EN( 
52 

MNE SECTION OR NACELLE GROUP                                                                               ' 3061 
flUKrENGINB 1250 

S3          tfMMM»   ROTOR  POD 1811 
54 _ 
55 
M 
57 T01 

OUTBOARD 
DOORS, PANELS & MISC. 

FAL (TO BE BROUGHT FORWARD)                                                                                                 _J 19024    1 
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TABLE XV. BASELINE RESCUE AIRCRAFT GROUP WEIGHT StATEMERT 
(WEIGHT EMPTY) 

rrmpuLsm CROUP 
™,._-_  "             -—-—■     — - 

16919 
2                                                                                                         |                       AUXIMAKV MAN« 

a       tmm MITALLATION 
4 jyFTERiälNillSOFI^^StPMATf 
5 AOCCiSMV GEAR MXCS 4 DRIVES 
i          SUPERCHARCetS (TOR TURK» TYPES 

2134 
SLY) _.-...  —— 

7          AIR INDUCTION SYSTEM 360 

15   " 
•          EXHAUST SYSTEM 
f          COOLING SYSTEM 
»          LUBRKATINC SYSTEM 26 
II               TANKS 
11              COOLING INSTALLATION 
O              DUCTS, PLUMBING. ETC. 
U           FUEL SYSTEM Z^^-^dL 2489 
IS               TANKS•PROTECTED 
16                         .UNPROTECTED 
17               PLUMBING. ETC. 
11          WATER INJECTION SYSTEM 
W           ENGINE CONTROLS 42 
30          STARTING SYSTEM 148 
21          PROPELLER INSTALLATION 4<nfi 
22        FAN SYSTEM 2284 
23        DRIVE  SYSTEM 4485 
24 AUXILIARY POWER PLANT GROUP                                                                                                          j 182 
2S INSTRUMENTS A NAVIGATIONAL EQUIPMENT GROUP 400 
2« HYDRAULIC A PNEUMATIC GROUP ?*>? 
27 
21 
29 ELECTRICAL GROUP 775      1 
30 
31 
32 ELECTRONICS CROUP 
33 EQUIPMENT 
34^        INStALLATION 

"35'""  
34 ARMAMENT GROUP (INCL. GUNFIRE PROTE 

1500 
i 

  

CTION                   LBS.) 2000 
37 FURNISHINGS A EQUIPMENT CROUP 

  1152      ; 
31           ACCOMMODATIONS FOR PERSONNEL 
3»           MISCELLANEOUS EQUIPMENT 

40           FURNISHINGS   
1 

41           EMERGENCY EQUIPMENT i 
42 
43 AIR CONDITIONING A ANTI-ICING EQUIPME: T CROUP Si9 
44           AIR CONDITIONING 
45           ANTI-ICING   
46 
47 PHOTOGRAPHIC CROUP 

48 AUXILIARY CEA". CROUP 14Ö 
49           HANDLING GEAR 40 
SO           ARRESTING GEAR 
51           CATAPULTING GEAR 
52           A TO GEAR 
53           RESCUE  WINCH   100 
54 
Si MANUFACTURING VARIATION -   CONTINGENCY 
56 TOTAt FROM PC. 2 
57 WEIGHT EMPTY 

433 
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TABLE XV.       BASELINE RESCUE hTBCBhTS GROUP WEIGHT STMEMOn 
(USEFUL LOAD AMD GROSS WEXGH*) 

1  LOAD CONDITIOH DESK» MID- 
POTNT 

FERRY 

i CPt*iHO. 5         1 1200 1200 720 
*  rASSENCERHNO.              J 1?00 
5  FUEt                                   1          T,». 
1       UNUSABLE - — 

■  

C-.I. 

70 70 70 
7       INTERNAL 

9 

"' 2192« in4,i "»^•ff 
.   .    ,   j j 

, 
»0       EXTERNAL 

"" '~~'Z " z. 

j 
11 ! 
17       BOMB BAY ■ 

!.l 
U  OIL  
IS       TRAPPED   '.       ._"_ 
1«       ENGINE 

1 

61 «R UK 

17 -- 
18 FUEL TANKS (LOCATION     ÄUX-FUSI 
'«• WATER INJECTION FLUID (              GAL! 

KLAGE I ;    675                             ! 
» 

21} 
V   dACCAGE |                                1 
22 CARCO 1 
23 COMBAT  ETUIPMEMT Ann Ann                            '                     1 
24   ARMAdlEHl" ,                                | 
2S       GUNS (UMhwl fit. mr *)•■. •r- u>. 

r 

26 i                                \ 

-7 }                                1 

8 i 

29 L    _    ' 
30 i           '           ' 
31                                               j 

■ 1           *           | 
32       AMMUNITION i 
33 1 

34 
35 1 
36 
37 i           j 
38 
39      INSTALLATIONS (BOMB. TORPEDO. ROCKET. ETC.) 1 

'40                BOMB OR TORPEDO RACKS 
41 
42 
43 
44 
45 
46 EQUIPMENT 
47       PYROTECHNICS 
48       PHOTOGRAPHIC 
49       SURVIVAL EQUIPMENT 200 

•50       OXYGEN 
51 
52       MISCELLANEOUS   
S3 
J* 

15 USEFUL LOAD 
56 WEIGHT EMPTY   ' 

... 23,664 "^ 
_43L336^ 

67,000  - 

L._14f28ö_ . 
..43,336   . 
57i61t    ' 

35f186 
43.336 

S7 GROSS WEIGHT   ...   .   . ifa&aa   ! 
\\ ni-i «pecificd as »ci^hl einpiy. 116 



,i jK-'umwamfsmmt 

\ 

1 
4 

S 
« 

'7 
8 
7 

JO 
It 
12 
W 
14 

16 
••17 

IB 
•♦•19 

20 
.«21 

22 
23 
24 
2* 
26 
2/ 

TABLE XV. 

L6WCTH . OVERALL tFT • 

LENGTH JAX. 
DEPTH *i*< 
»IPTH • MAX 
WETTED *«<I?A 

«FT.) 
'FT.) 
<CT.» 
SO. FT * 

BASELINE RESCUE AIRCRAFT GRCUP WEIGHT STATEMENT 
{DIMENSKMAL AND STRUCTURAL DATA) 

HF.ICHT ■ OVERALL   5TATIC (FT.iENG.WIMG TIP 

FLOAT OR M'H L tMSPl     MAX   (LE'. > ' ! 
'niSELAv.c VOLUME (Cü. "T.i i PRESSURIZED 

GRÖSi ARE/  (&g. FT.) 
VEhiMI GROSS AREA (LBS  SCl FT l 
SPAW ;FT.) 
FOLDED SPAM (FT.) 

SWEEPBAFK  AT 2S-'. CHORD L>.PE (OECREESI 
AT     ^RCHORDIINE IDFCREE^. 

THEORETICAL ROOT CHORD • LENGTH <INCHET. 
■ MAX, THO.NE -S 'INCHES) 

CHORD AT PLAHFOI?M BREAK ■ LEHOTK (INCHES) 

• MAX  THICKNESS tlNCHES) 
THEORETICAL TIP CHORD - LENGTH 'INCHES'. 

• MAX. THICKHES'.  ÜHCHESl 
DORSAL AREA. INCLUDED IN (FUSE) (KUIL! (V  TAIL) AREA (SO FT.) 
TAIL LEHOTH . 25^ MAC WIMG TO 25% MAC H  TAIL (FT.) 
AREAS (SO. Ft) 1-^.1 tt tTE 

•-•«'  -^-^ 
59.5 i 
8.75! 
6.67. 
13001-     . 406 

1 
1 
!     788 
1 

' TOTAL 
i 

,       .m,         t      M   T«. 

T 744   !     199 

. _.. ;FL2 . 28.2 

i  ' ■••i. 
i     154 
I    3.2 
.12.4 

..   ., 

194        126 '     194 

i   I47 
t 

110 42 104 

36.7      26.7 

Lofw«) Cantr«.). 

%v4 B#.i.« 

il...f 

Tmm. «t I 

29 
30 ALIOHTiMG GEAR (i-üCATiONi j 
31 LENGTH   OLEO EXTENDED -^ AXIE TO t TKO-4NION (INCHES) 
32 OLEO TRAVEL-FULL EXTENDED TO FliLL COLLAPSED (INCHES) j 
33 FLOAT OR SKI STRUT LENGTH (INCHES^ ! 
34 ARRESTING HOOK LENGTH - «^ HOOK TkUNNION TO <t HOOK POINT (INCHES) 
35 HYDRAULIC SYSTEM CAPACITY (GALS) 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
5« 
57 

FUEL & LUBE SYSTEMS 

- Eatrrnni 

- Bafnt Buy 

8 
•***Cil«. P»<".ti.i( 

3490 
■&oU  Unafftttcfed 

STRUCTURAL DATA 
FLIGHT 
LANDING 

CONDITION 

I 

1»»in,, ai».) 

21,929 
10,950 

MAX GROSS WEIGHT WITH ZERO WING FUEL 
CATAPULTING 
MIN. FLYING WEIGHT 
LIMIT AIRPLANE LANDING SINKING SPF.HD (FT. SEC I 
WING LIFT ASSUMED FOR LANDING DESIGN CONDITION r.W) 
STALL SPEED ■ LANDING CONFIGURATtCW • }'0»'E!? OFF (KNOTS) 
PRESSURIZED CABIN . ULT. DESIGN PRESSURE DIFFERENTIAL - FLIGHT (P.S.I.> 

&tr«at Or«»« Wvifth* 

67,000 
56,021 

45,071 

45,046 

4.5 

5.45 

AIRFRAME WEIGHT (ASDEFINEDINAN-W.il) (LBS.) 

*l.bs. of sea »alet(a M lbs./cu. 
**HM»llel 10 t «' t aitplanr. 

117 'Parallel to <t airplane, 
'total usable caraciiy 



TABLE XVI.  B&SELIME RESCUE AIRCRAFT BAIAHCE CALCPIATIOHS 
(WEIGHT EMPTY) 

TEM 

Cruise (Blades Folded) 
WEIGHT 

STATIONS 

HORIZONTAL 

MOMENT 

VERTICAL 

ARM jaasaL. 

Rotor Group IIS3 Litlil^SMI im&L uaai (937.1401 
Hub 1690 JQJL MOtJm. 190 32 U ICQ 
Blade fold 7S0 -MS. ??8,7,i0 J.SUL 142,500 
Blades 2196 ■435- 93?,?0Q 190 417,240 
Spinnogo MO .100 90.OOP ■*90- 57.000 

Wing Group rrar (S710) (2,412,460) UiQl (1,084.900 

Tail Group (9B2) L-ZSäi (     736.500) (241.i I     2?7,1$3 
-Masiaatttai. jiai. -BS5. 419,805 328 161.04« 
Jtex-tieal 491 fiAS 116,695 -155. 76,105 

Body Öroup (3250) 1J»25I (1.381.250) msi (    438.750 

Alighting Gear jUli5JL <377t9i—901,200) (100,; jl 21R,6'in 
Nose X45. JJfl 90,300 58,050 
Main 1140 aas 55.2,900 Jtfi. 102.60Q 
Auxiliary 

Flight Controls 

600 430 258.000 110 78.000 

(3636) (3574)1(1.29?,463) OSi. I    678,185 
»Cockpit 103 -liO. 19,570 JJfl- U.390 
SEuaalaipB 345 JfiO. .124.200 190 ■ "jr t,tta »i 

♦Engine Section 
>Hiog 

175 488 Bi^AQiL ISX 26,775. 

Inboard 178 Ml. 87,398 190 33^820 

*Tip P 
Outboard 

Rotor Controls 
Hit  Utef-jhaniam 

260 
175 

^ZL 
365 

124,020 
63,875. 

JL2Ö_ 49.400 
1S1L 

1150- -305. 
JUSO 365 

411,750 390 
11,250 

383,250- liö. 
256,500 

.199,500 

Engine Section (12S0) (  468) (     585,000) (153) (     191.250 

tip Poa 
Tilting 

(1811) (450^3. L-1J-5,495), 
935 385 359,975 

Oifl-JX    344,090 
190 177,650 

Fixed 323- J52SL 455.520 12fl- 166,440 

Engines (2134) (  508) (1.084.072) asai (    326.502: 

TTFJT Air Induction i  360) LJiH (     163.080) i 55,080) 

Cooling HSL (-4ÄS)- 7.320) msr { 2.2951 

Lubrication .1261 (  453) (       11.778) (153) 3,97B1 

♦Indicates Location 
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TABLE XVI.  BASELINE RESCUE AIRCRAFT BALANCE CALCULATIONS 

ITEM 

Cruise Mode (Blades Folded) 

WEIGHT 
STATIONS 

HORIZONTAL 

WOME'JT 

VERTICAL 

ARM MQVENT 

~Fuel System (2489) !<»iq  7] tl.094.465) {^9} {472.910> 
Inboard    -    Forward 750 AÜ1 303.750 190 142.500 

Aft .625_ All J2tt*fi25_ 19Q 128,250 
Outboard - FQywag4 430 415 178.450 .lüL 81.7QQ 

Aft- fi.14 Afifl .2.91,640 190 1.?i1,4fi0 

Engine Controls iill 14881 (20.496) (153) (6,42^} 

Starting System (148) -Uaai (72,?24) UiW- <22.644) 

(4485) Pciye System  
Wing Sear Box 

(365.5) (1.639.055) (190) (852.150) 
440 488 197.12Q JäSL 83.6QQ 

Wing Tip Gear Box 470 
Main Gear Box 

.420. 197,400 .190 
2730 

89,^nn 
oao. 900,500 JÄJ- 518,700 

Lubrication 420 .m i6i,Rnn 190 79,ann 
Shafting - Tip Pod 95 375 35.625 190 ;8.05P 

- Wing JL3iL JLiZ 144.210 laa 62,7QQ 

Fan Installation (2284) [386,7} (883.262) LLSÜ (349.452) 
Fari and Shrnnd -S24. If. a 211,?1? 15J 87,822 
Drive System 1710 OW- 672,030 -15J- 361,630 

Auxiliary Power Plant 

Instruments and Navigation 

(182) (510) (92.8201 llOQ) (18.2QQ) . 

(400) 12911 (116.400) (155) (62.000) 

Hydraulics J292) (510) IJA&JIZL (1001 (29,2001 

Elsctrigal (775) -11761 (291f4001 UM). (128f6SQl 

Electronics (1500) (200) (300.QOQ) (160) (24Q,QQQ1 

Armor 
Fuselage 

(2000)        |(358.5) 

Wing 
1200 
_2ilfl_ 

300 
(717.200)   164.6 

360f000 160 
(329.2911. 
UUiQiL 

Engine Section 400 
AASL 
508 

88,000 
203,200 

JM- 
153 

38,000 
61.200 

Tip Pods 200 -L3Ü- 66,000 190 .18,000 

Furnishings  &    Equipment 
Personal Acconunodations 

.111521 [305.71 
310 

(352.210) 

Misc.  
Furnishings 

._JJL0___ 
- .517 — 

Emergency = Smslajm Al. 

-  Tip  Pod  
100 
mo 

170 
_izo. 
 380 
_12A 

52.700 
ili2i (186.62Q) 

160 49.600 

488 
330- 

48.800 
33,000 -lao. 

15.300 
19,000 
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TABLE XVI.  BASELINE RESCUE AIRCRAFT BAIANCE CALCULATIOHS 

ITfM 

truise Mode (Blades Folded) 

WE IGHT 
STATIOHS 

HORIZONTAL VERTICAL 

MOMtXT 

Air Conditioning § De-ice 
„Air Qpnd4.1;jl(?ni.ng 

(519) (369.9 {191.820 
_21ä. JM- 83,220 

JLIZL mauLm. 
IfilL 3^tfi-0 

De-icft - Eng. Spnt. inn aax 39,300 aso- 15,300 
Tip Pöd inn ■304 

- Wing 1Q0 3B8 
30,500 iao- 
■18,800 iaiL 

19,000 
ii.nnn 

Auxiliary Gear (140) (2fi'».7 (17,200) (IfiO) (7?,400) 
Ai rnraft Hand 11ng -4Ü- OiO- 15.200 160- 6,400 
Rescue Winch .100. .220. .22*000. 16,000 

Manufactuting Variation (433) liilL (170,169). U$8) (72,744) 

weignt Ewpcy T7T,3W tjyi.j (17,02i,J59|(168.3)(7,25T7¥S9) 

t-'ixea usetui Load 
Crew -Pilot & Co-Pilot 

(1,335) (212.8 (284,136 "nrrsn—ngr^s) 
T8Ö 165 79.200 140 67.200 

-Crew Chief 240 im. 43.200 120. 28.800 
-Wiach Qpr/flunner 480 ^20. ins,eon USL ^.fiflo 

£rapped_Liquida 
Eng ^5_ jaa. 25,S4S IÄi -a*M5. 
Fuel - Inboard 

Outboard 
35 442 15.470 190 6.650 

432 15,120 190 6,650 

Fuel (5 percent) (1>095) (440) (481.800 (190) (208.050) 

Combat Equipment (400) (350) (140.000 (130) mjim 
Operating Weight Empty (46,166) (388.3   (17,927.295 116lil)(7.731.554) 

.Less wincir/gvmnei: 
Crew chief 

-ISJL-. i 
240 

Combat Equip. 400 

220 
ISO 

-     lÜ5*&flO 120, S7,fiOQ 

350 
43,200 

140.000 
USL 
lao. - ■jp.nnn 

Minimum Operating Weight ±41*0461 (391.6 (17.638.495 168.61(7.593.154) 

± 
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TABLE XVI.  BASELINE RESCUE AIRCRAFT BAIANCE CALCULATIONS 
(DELTA MOMENT) 

[I 

f 

ITEM *f '  .HT 

ttf>:i :■*.'.         1 

H0R!?0MAL VfRTKAl                      j 

ARW VOVFNT ARV VOVENT            1 

1 Cruise on Rotor 
i                              Blades Deolovec 

i                            Blades Folded 2.196 42.S 190 
Blades Unfoldec i'.m 355 190 

Delta Moment i.196 .   -263^520 0                    1 
' 

Arm lArm 

HßH-a P«»lttj 
lover 

1                            Rotors 4.636 + 115 533.140 +115 533r1^0 
300 + 120 36,000 + 120 36,000    1 

if350 +11B l«i«;,5«i0 + ns I";«; 7^0   1 
Mia^.pli-   rVinfr 90 +  55 4r950 +  55 4; 950   1 
Ti H-ing   Tip   Pnr 93^ + sn 46,750 +   SO 4fi,75n    1 

2,730 + 90 245,700 +  90 245'7n0    1 
1                               Shafting 95 +   45 4; 275 +   45 4^275    1 

Lubrication 420 +   30 12.600 +   30 12.600    1 
TnB*-rniii«>n<-a 50 + 90 4.500 +  90 4.500 

200 +  90 18r000 +  90 18r000    1 
1                               Furnishings 100 + 90 9r000 +  90 9r000    1 

100 + 115 llf500 + 115 llf500    1 

1          Delta Moment 11,006 1-1,081,665 +1,081,665 

1 
_l 

   ,       
1 

j 

1 
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TABLE XVI.   BASELINE RESCUE AIRCRAFT BALANCE CALCULATIONS 
(OPERATING WEIGHT EMPTY) 

ITEM WEIGHT HMIZONTAL VERTICAt                  1 

ARM MOMENT ARM MOMENT 

Cruise on fan (46,166: (17.927,295) [i.m.i5'\ 
i                      (Blades lolded) 

|                    Blades unfolded) -  263f520 o 
1                   Delta Moment      ) 

Cruise on Rotor iA6,W [382.6) (17.663.775) (167.! i) (7.731.55 \) 

Tilt Nacelle to Vei Cfc.i 4-  1,081,665 + l,ÖÖl,6(J 
il                       Delta Moment) 

[l      Hover (46,166 [406.0) (18,145,440) (ISO.! l)(6,813f2l| ) 
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TABLE XVI.  BASELINE RESCUE AIRCRAFT BALANCE CALCULATIONS 
(DESIGN GROSS WEIGHT) 

I 

Design Gro^ Weight 

Cruise on fan OWE 

Add Cargo 
EHBI 

Design Gross Weight 
(Cruise on fan) 

Blades unfolded 
Delta Moment 

Design Gross Weight 
(Cruse QU .rotor). 

Tilt Macelie 
Delta Moment 

Design Gross Weight 

•»EIGHT 

46,166 

-4M. 
20,414 

(67.000) 

M0»Uf\?Al 

390 
4.19.7 

404.0) 

(67.000) (100.1) 

(67,0QQ) 

17,927,235 

156.QQQ 
,«,984,RIO 

(27.068.125) 

-263.520 

(26.804.605) 

+1.081.665 

lI6^)l(27r886.27Q) 

-Uü_ 
190 

(174.()U.6§2.Q1') 

(174.U(U.662.Q;4) 

(190.2)(12,741,6-9) 

W^tNT 

7,711,SS4 

48.nnfl 
1,882,460 

+ 1,081.66! 

123 



TABLE XVX.      BASELIKE RESCUE AUICRAFT BAXASCE CALCUIATIOHS 
(1AMDING GROSS miQOt) 

ITV «SCHT MOUIZONT*L VCRTICAL 

MM UOMCNT M»M MMeNT 

1 Landina Gross Weight 
1 

^       Cruise on fan OWE 46. IW 17,927,255 7,731,554 

S            Add payload 4Q0 3«»o 156.OOP i2n aa.nnn 
fnoi   «in* 10.255 439.7 4.509,124 190 1.948.450 

(56.021) ' (403.3 (22.592.419 1(173. 6) (9,728^04) 
ICrtiiaa   nn    f*n) 

1     Biaaea uncoifl} -    263,520 0 
SelU Moment) 

Landing Gross Weight {5«.Ö21> {398.« (22,328,899 i(173. 6H9,728,0(14) 

Tilt Nacelle 
j       Delta Mcntent + l,öäl,tfS 4-1.061,665 

Landing Gross Weight ^0.021) (417.9 123.410,564 1(193. »(10.809.6^ 9) 
[_. (Hover) 

, 
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TABLE XVI.   BASELINE RESCUE AIRCRAFT BALANCE CALCULATIONS 
(FERRY GROCS WEIOTP) 

1                                          IT€V «If-Hl 
-.:«- !..«.s 

hjRI/'-'.AL .!67.-«L 

*«•.' VC-Vf.' ifrV •K*K\r 
Ferry Gross Weight 

1    Cruise on fan OWE 46.166 17r927f295 7r731rSS4 

11rqG1 sna   |   4J7n4J4nn i«in 1 J7
04Jl

l,;n 

'675 400              270.Q00 150 lOl^'iC 
200 340 

22Ö 
4fl,nnn 150 74,000 

-480 -     105.600 Mn S7'r*;oo| 
1 

■          ! 1                1 
i                 i 

Ferrv  (Cruise OJI fanl (78.5221 f403.9ll31.718.0951 n7n.rf» nn.iQi.^ 4) 
I 

1  
|             Blades untold 
|             Delta Moment -    263.520 0 

Ferry  (Cruise on rotor) (78.522) 400.6) (31.454.575) 170.6)1(13.393.354 ) 

Tilt Nacelle 
Delta Moment + 1.081.665 J +   lf091r66! 

L 
Ferrv  (Hover) (78,522) [414.4) (32.536.240) [184.3)1(14.475.01< ) 

  
L 

   . . 

   . 
  " 

  . —  
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2.  BASELINE TRAMSPOJTT AIRCRAFT WEIGHT AMD BALAMCE 

Tables XIX through XX present the weight and balance 
information for the baseline transport version. 

The center of gravity and balance calculations for the 
various baseline transport design gross weight conditions 
are summarized in Table XXI* 

Vertical flight center of gravity limits have been deter- 
mined to be between 26- and 40-percent MAC. The rotor pod 
pivot point and center line of thrust are located at 
33-percent MAC. 

The horizontal flight center of gravity limits have been 
determined to be between 13- and 33-percent MAC. 

Refe: once data for the center of gravity calculations are: 

a. Horizontal arms are given as fuselage stations. 

b. Vertical arms are given as waterlines. 

c. Fuselage station 0 is 200 inches forward of the forward 
cargo compartment bulkhead. 

d. Waterline 0 is 100 inches below the cargo floor. 

e. Leading edge of MAC is at fuselage station 371. 

f. Length of MAC is 149 inches. 

g. Rotor pivot point is at fuselage station 420 and 
waterline 190. 

Figure 49 shows the forward and aft cargo loading limita- 
tions . 

Table XXII summarizes the moments of inertia for the base- 
line transport mission. 
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GROUP WEIGHT STATEMENT 
ESTIMATED 

(CrMsmrt W^W W^^p»P*w^B"»# 

BASELINE TRANSPORT AIRCRAFT 

COMTIUCT MO. 

AIRPLANE, GOVERNMENT NO.. 

AIRPLANE, CONTRACTOR NO., 

MANUFACTURED RY 

MAIN AUXILIARY           | 

Hl 
MANUFACTURED BY 

MODEL 

NO. 

at 
Hl 

Hl 

MANUFACTURED BY 

DESIGN NO. 

NO. 
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TABLE XIX.  BASELINE TRANSPORT AZRCHAFT GROUP WEIGHT STATEMENT 
(WEIGHT EMPTY) 

1   «INC CROUP sno l 
* CENTER SECTION . BASIC SI 

" 3            INTERMEDIATE PANEL . BA 
4           OUTER PANEL . BASIC STRl 

i            SECONDARY STRUCTURE (1* 
7            AILERONS (INCL. BALANCE 
• FLAPS - TRÄIÜNC EDCE 
9                         • LEADING EDGE 

10            SLATS 
Vl            SPOILERS 
12           SPEED BRAKES 
13 
14 

fRUCTURE 
MC STRUCTURE 
CTURE UNCL. TIPS             LM.) 

CL. WIN6F0L0 MCCHANtSM              LBS.) 
WEIGHT              LBS.) 

IS   TAl 
H 
ri 
18 
» 

2L 
22 
23  BDI 
24 

a» 
27 
21 

30 

L CROUP 98:2    1 

Smin^iTimB^iM 
■MM HORIZONTAL 4°? 
mmmm       LBS.) 

A<X 1 

ELEVATOR (INCL. BALANCE WEIGHT              LBS.) 
 i2l  

RUDDERS (INCL. BALANCE «EIGHT              LBS.) 

>Y GROUP i*m   1 
PUSELAGE OR HULL ■ BASIC STRUCTURE "?70 
BOOMS • BASIC STRUCTURE 
SECONDARY STRUCTURE . FUSELAGE OR HULL 2^0 

• BOOMS 
.SPEEDBRAXES 
. DOORS, PANELS & MISC. 

CARGO  LOADING SYSTEM 920 
31  ALICHTiNC OEAR CROUP - LAND (TYPE:                                                                     ) 3195    1 
32 
33 

LOC*T»M 
•MIILS, MMCS 
Tmi$, Tuati, Am 

ITRUCTIMt COMYMLt 

34 
3S 
3« 
37 
3« 
3» 
40 ALI GHTING GEAR GROUP . WATER 
41 LOCATION FLOATS tTBUTI CONTMLI 
42 
43 
44 
4$ 
4« 

JL 
J8 
4» 
JO 
JL 
^. 
H 
J4 
J5. 
J6 
57 

SURFACE CONTROLS GROUP 3636 
COCKPIT CONTROLS 
AUTOMATIC PILOT  SAS 

■—■■»ROTO 
 HYDRAULICS = 500.CONVEN.= 502, TILT MECH. = IQ^Q 

JILL 
-Ui- 

ENCINE SECTION OR NACELLE CROUP 
a 

  ENGINE  
CENTER  ROTOR POD 
OUTBOARD      
DOORS, PANELS & MISC. 

.3061 
A25Q- 
JLBJ-L 

TOTAL (TO BE BROUGHT FORWARD) 22,c>fi4 
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;  I 

TABLE XIX.     BASELINE TRANSPORT 
(WEIGHT EMPTY) 

AIRCRAFT GROUP WEI GHT STATE MENT 

1 PROPULSION OtOUP 
IN 

16,919 
2                                                                                                |                     AUCIUMT HA 

3          ENGINi INSTALLATION -4U34- - 
4           AFTERMKNERS (IP PURN. SEPARATELY) 
5           ACCESSORY CRAR SOXES 4 DRIVES 

6          SUPERCHARCERS (FOR TURBO TYPES) 
7           AIR INDUCTION SYSTEM 360 
S           EXHAUST SYSTEM i 

9          COOLING SYSTEM 15 i 

10           LUBRICATING SYSTEM 26 
11               TANKS 

12               COOLING INSTALLATION i 

13               DUCTS. PLUMBING, ETC 
14           FUEL SYSTEM 2489 
15               TANKS. PROTECTED * 
1«                         . UNPROTECTED i 

17               PLUMBING. ETC. 
IS          WATER INJECTION SYSTEM 
19           ENGINE CONTROLS 42 
»           STARTING SYSTEM 148 
21          PROPELLER INSTALLATION 49 36 
22          FAN  SXSTEH 2284 ! 
23         DRIVE SYSTEM 44««; 

l ! 
24 AUXILIARY POWER PLANT GROUP 182   , 
25 INSTRUMENTS & NAVIGATIONAL EOWPMEN 
26 HYDRAULIC & PNEUMATIC GROUP 

TCPOUP 400 
2§i    i 

27 i 
28 
29 ELECTRICAL GROUP 

  

775 
30 
3! 
32 ELECTRONICS GROUP 950 
33           EQUPMENf 
34           INSTALLATION 

-   
3$ 1 

36 ARMAMENT CROUP (INCL. GUNFIRE PROTECTION                  LBS.)(PROVISIONS   ONLY) 

37 FURNISHINGS A EQUIPMENT CROUP 

50 
1470 

38           ACCOMMODATIONS FOR PERSONNEL   - 
39 MISCELLANEOUS EQUIPMENT 
40 FURNISHINGS 
41            EMERGENCY EQUIPMENT                                                                                               j      
42 
43 AIR CONDITIONING A ANTI-ICING EQUIPMENT GROUP 519 
44           AIR CONDITIONING 

  45           ANTI-ICING 
46 
47 PHOTOGRAPHIC CROUP   
48 AUXILIARY GEAR GROUP 40 
49           HANDLING GEAR 40 
SO           ARRESTING GEAR 
51           CATAPULTING GEAR 
52           A TO GEAR 
53 

it  MANUFACTURING VARIATION     -   CONTI 
bt.   TOm FROM PC. 2 
V   WEIGHT EMf'TY 

-     . 

NGENCY  —. ..    .._    . 446 
22,564 
44,607 
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TABLE XIX.  BASELINE TRANSPORT AIRCRAFT GROUP WEIGBT STATEMENT 
(USEFUL LOAD AND GROSS WEIGHT) 

''  LOAO COHWTIOM 
i     
i CREW It«.    5        ) 

msim FERRY 

L    1200   _ 720 
4  PA&SENCE8& (NO. ) 
i Fuet Tf>.             4 (hi*. 70 70 
«       UHUSABLt 11058 34000 
7       INTERNAL 
« 
9 

10       EXUKNAL 
li j 
12       BOMB BAY   
"   .          .      _._...     ,          J 
14 OIL 
IS       TRAPPED 
16       EHCIHE 65 « 1                 1 
17 1                 1 
J8 FUEL TANKS «.OCATIOHäHYTT.T&RV   _   PiiSHT.     ) 7,,i      1                  1                   1 
1» WATER EJECTION FLUID (             CAL» 
20 

!                    1                     1 
21   BAGGAGE 
22 CARGO 10000 
23 
1* ARMAMENT 1                                   | 

25      GUNS «.««.«.> Fla. w Htm. *1 C«l. 1                                   | 

2i 1 
27 ■ "    " 

28 
29 1 

30 i                                   | 

31 " i                 1 
32       AMMUNITION                  1 1                                          1 
33 ' 
34 
35 | 
36 i           i 
37 i          | 
38 i          i 
39       INSTALLATIONS (BOMB. TORPEDO, ROCKET. ETC) i 

•40               BOMB OR TORPEDO RACKS 
41 
42 - 
43 
44 

45 
46 EQUIPMENT 
47      PYROTECHNICS 
48       PHOTOGRAPHIC 
w     SURVIVAL EOUlPMfiNT 200 

•50      OXYGEN 
51 
52       MISCELLANEOUS 
53 
04 
S5 USEFUL LOAD 22393... 

- 44607 
67000 

35780 
56 WEIGHT EMPTY .44607 
T? GROSS WEIGHT 80317 
•|| not spfrtdrd a« »right finpty. 132 



1 I 
-1 
I I 
I 

i i 

TABLE XIX. 

I  IENCTH   0VF8ALL (FT.) 

s 

•7 

» 

?1 

I! 

II 

>4 

16 

•IV 

•I» 

2f. 

•7! 

?.' 

;i 
24 

2i 
ii 
27 

28 

2» 

30 

3) 

37 

33 

34 

3S 

3« 

37 

38 

3» 

40 

41 

42 

43 

44 

4b 

46 

47 

48 

49 

SO 

51 

57 

S3 

U 
SS 
Si 
57 

•l 

SASELIHE TRANSPORT AIRCRAFT GROUP WEIGHT STATEMENT 
(DIMENSIOHAL AND STRUCTURAL DATA) 

LENGTH    M*X    ,FT ; 
rCPTH      MAX    'FT.» 
»iprM   -»«AX (F:.. 

«EITEbAREA 'SO FT. 
»LOAT J« HUI I M&PL. - MAX   (L6S ) 
'USELACE VOLUME (CU. FT.) 

CR^ttARC/   :SU.FT.) 
»^IflMT'CROSS AREA (LBS. SO. FT.P 
SPA»    FT.) 
romen SPAM (FT.) 

«••r fimmt I   *<•. FlMia 

L 1 

i   H6ICHT-OVERALL-STATIC 

60.0« 1 
10.4 
10,0 I 

_.llfii -  

Sä^giaplip 

1 p?isi»JR,.z.EP 1 T^™- 

S-EEPBACX - AT ?S-,CMIÄO LINE (DECREES/  
AT        ^CHORÖLINE (OEGREES)  

THfcORETXAL SOOT CHORD - LENGTH (IMCHES) _ 1 __ 

■ MAX  THICKHESS (IKCHEn     _Z_   J__ 
CHORD *T PLANFOBM BREAK • LENGTH (INCHES»       "       ' "_   _ 

• IMX/THICKKESS (INCHES) 
THEORETICAL TIP CHORD ■ LENGTH (INCHES) 

. MAX. THICKNESS (INCHES) 
JOCSAL ARFA. INCLUDED IN «FUSE.) (HULL) (V. TAIL) AREA (SO. FT.) 
TAIL LENGTH ■ 2$-^ MAC WING TO 2S'-. MAC H. TAIL (FT.) 

.406 788 

«aL-IX^Ii'-i.^^'' 
744 |    199   X- 15i.. 
7.7 i    2.5 

61.2     28.2 

194       126 

147 

110.1      42 
1_ " i 

3.2 
12.4 

194 

104 

ARFAS (SO. FT) Fl«,. 

LcMwa; C«f!t>ol. 

L.E. 

i  - -   - 
I 

ALir^TING GEAR (LOCATION) 
LENGTH   OLEO EXTENDED -^ AXLE TO t TRUNNION (INCHES) 
OLEO TRAVEL - FULL EXTENDED TO FULL COLLAPSED (INCHES) 
FLOAT OR SKI STRUT LENGTH (INCHES' 11 

ARRESTtHC HOOK LENGTH .$, HOOK TRUNNION TO t HOOK POINT (INCHES) 
HYDRAULIC SYSTEM CAPACITY (GALS.) 
FUEL & LUBE SYSTEMS j L««..- 

1   FM». M HHH 

- Ealttnot 

3 vnb Bey i 

36.7       26.7 

M.. Tan*.  I 

8 3490 
*CaU. U..rolKt.« 

STRUCTURAL DATA 
FLIGHT 
I ANOINC 

CONDITION PMI iliWlnfa (Lki.)        I     $»•« Or«! •«igM       1  Uli. L F. 

11058 
'3525 

MAX GROSS WEIGHT WITH ZERO W|MG FUEL 
CATAPULTING 
MIN. FLYING WEIGHT 
LIMIT AIRPLANE LANDING SINKING SPEED (FT./SEC.) 
WING LIFT ASSUMED FOR LANDING DESIGN CONDITION (\W) 
STALL SPEED ■ LANDING CONFIGURATION • POWER OFF (KNOTS) 
PRESSURIZED CABIN • ULT. DESIGN PRESSURE DIFFERENTIAL -FLIGHT (P.S.I.) 

67000 
68467 

62942 

45774 

4.5 

AIRFRAME WEIGHT  (AS DEFINED IN AN-W-II) (LBS.) 

bs. of »a «airr (<i 64 Ibs./cu. ft. 
arallrl to ^ at  t airpUnt. 133 

*P»t«llti to 4( airplane. 
'Total usable caracity 



TABLE XX.   BASELINE TRANSPORT AIRCRAFT BALANCE CALCULATIONS 
(WEIGHT EMPTY) 

i ffV *f If.hT 

"JTATir*«!                    1 

M-1HI70NT*L VERTICAL                     | 

ARM MOMENT ARM MOMENT             II 
Cruise Mocle 

i       (Blades Folded) 

Rotor Group (4936) (358) (1.767r500J (19°) (9171B4fl)j 
|l       Hüb 1690 305 515.450 190 32rfuin j 

1       Blade Fold 750 305 228.750 "90 I4?j^n 1 
Blades 2196 425 933.300 190 417r240   | 

|       Spinners 300 300 90,000 190 57,000   1 
>~ ■ ■" ^ 

jwing Group (5710) (426) (2,432.460) (190) (1.094.900)1 

Tail Group (9fi2^ HTTSO) (736.500) (242) (237.1531 
1      Horizontal 491 855 419f805 328 lfii,n4R j 
1      Vertical 491 645 316.695 155 76,105   j 

Isodv Group (5980) (425) (2.541.500) (130) (775.10C) 
I       Fuselage 5060 2r150f500 135 683,100 

Cargo loedinq System 920 425 IQI  noo Iftft 9?,00«   1 

JAlichtinq Gear (3195) (379.4 (1.212.300) (90) (287.550) 
ii       Nose 645 140 9Qr3Q0 90 5fl,O50 1 
i      Main 2550 440 (1.122.000 90 229.50C 

1 Flight Controls (3636) (357.4 (1.299.463) (1863 (678.185) 
11     «Cockpit 103 190 19f570 130 l?r390   1 
j     *Fuselage 345 360 124f200 190 65r550   1 
1     *Eng.  Section 175 488 85,400 153 26,775   1 
Ü     *Winq 
1             Inboard 178 491 87.398 190 33.820 
1             Outboard 260 477             124.020 190 49,400 
I     *Tip Pod 175 365 1         63;875 

411,750 
190 33,250   ' 

i       Rotor Controls 1350 l  305 190 256.500   1 
1       Tilt Mechanism 1050 365_j 383,250 190 199r500 

jEngine Section (1250) (468E (585.000) (153) (191.250) 

Tip Pod (1811) (450.3 1    (815.495) (190) (344.090) 
1       Tilting 935 385 3513.975 190 llT^^O    1 
I       Fixed 876 520 455.520 190 1661440   1 

Engines (2134) JtME (1,084,072) (153) (326.502) 

(360) Air  Induction ._t4i3) (lea^QaiiXH (151) (55,npo) 

jCooling (15) (488) (7,320) (153) (2.295) 

,.J4531 j Lubr icat ion j       126J. .      {ll,778L ilSU. (i.A7,aJ 
1*Location  Indicated 
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TABLE y.X.  BASELINE TRANSPORT AIRCRAFT BALANCE CALCULATIONS 

iTIW *Eir.HT 
i'AT^NS                ii 

HOH1?:1%TAL VlRl.CAl                    | 

ARV V0Vf\T ARV •/OVfNT             | 

Fuel System im$) im.D (1.0^4,465) am (472/4101 
Inboard - Forward 750 405 303,750 190 142,500 

i                         - Aft 675 475 32Ö.625 -läfi. 128.250 
i      Outboard - Forward i^n 41!> 178,4^0 MOO ^,700   1 
|                            -  Aft &-\A 4fin 291'ft40 . 19iL 120.4fin   1 

i                          1 
Enqine Controls (42) (485) (20,496) (153) (16,426) | 

Starting System {148i (488)   j       {72,224) Hull (22,64lJ 
i 

Drive System (4185) ;365.4)(1,639.055) (190) (852.150) 
1       Pylcr  Gear Box 440 448 197,120 190 83f600 
1       Pivot Gear Box 47n 420 "'9 7,400 IQO aq^nn   j 
|       Main Gear Box 2730 330 900,900 190 SIR'TOO   I 
I       Lubr icat ion 420 390 163,800 190 79'r800   1 
1       Shaftinq - Tip Pod 95 375 35.625 190 18.050 

- Winff 330 437 144.210 190 62,700   3 

Pan Installation (2284) [386.7) (883.262) (153) (349,452) 
Fan & Shroud 574 368 211.232 153 37.822 

1       Gear Boxes 1710 393 672,030 153 261,630   ! 

L 
Aux.  Power Plant (182) (510) (92,820) (100) (18,200) 

Instruments & Naviq. (400) (291) (116.424) (1551 (62,150)j 
I 

|Hydraulics (292) (510)   !     (148.920) ilooT (29.200) 
I 

Electrical (775)                (376)         (291.790)    (166) (128.075) 
|                                                  t 

{2QQiH 
J 

Electronics (95M   ..      H (190.000) (MOL (152.000) 

Armor 
hT50T-_ 

(1470) 
" '   .   _62.8 

(170)   1         (8,500) ^"wn (8,000)1 

(.3241 
_ 2 8,1 

Purnishinqs & Equipment (476,230) 
176^120 

(161.( ) (237.500) 
1       Personal Accommodations 160 100,400   1 

Misc. 1.10 na 1 
18,700 160 i7,f;nn   1 

I       Furnishinqs h 517. 
15 

100 
100 

(519) 
219 

.. 11Q..J 
170 ._ ^88 - 

3 30 

(370) 
380 
393 

r_   ..19i_,450.__ 
2,550 

48,800 

160 82:720   1 
i       Emerqency -  Fuselaqe 160 2,400 

              - Eng.  Sect. 
i                              - Tip Pod 

153 15.300 
 33,ogo_. 

(191,820^ 
83,220 

i9g_J 19,000 

Ihix Cond.  & De-Icinq 
Air Conditioninq 

(170J )    (88,340) 
160 35,040 

De-Icinq  - Enq.   Sect. 100 39.300 153 15,300   j 
L                        -  Tip Pod 
L.— --.Wing 

100 
  100 

. _ . 

305 
388 

30^100 190 19.000   1 
33,800 190 19.000   Ii 

 - 
  -   ■ 
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TABLE XX.  3ASELINE TRANSPORT AIRCRAFT BAtAHCE CALCUALTIOMS 

kuK.   Gear [<40) 

Manutactuiing Variatio.\ 1(446) 

hih&^BL&X. 

iiatlfN'. 
M,.»l/~-.'*i 

iiaaj 
(405.33 

iüixüZI-   ,(405.3) 

a5^2MJ 

U80.763} 

(18.079.437 166.8  (7,441,fi7i 

Usetui  LodJ i(Ti35) 
 ^r--v -    Pilot & Co-pilot 

(212.8)j       (284.135  132.5 
480j    165 79.2QQ 

Crc-w Ch^ef 
-    Winch  Oper./Gunner 

 ZML-itQ   j 
48GI    220 

41,200 
105.600 

(1601 

H6.6 

1«_ 
12Ü- 
i2ö 

'■fwrtr-l 

tfi^AOflj 

JJl*JiLil 

(17^.845 
67,20Q 
?p.,Hnn 
57.600 

Tr ipped  L'.quias 
Engine OLI 

Jjigi^_I akaarA. 
_i5i^93_ 25.545 ili 9.945 

Jutbo-irü 
■> MUlftAiHwvft^M^H 

Fue^   -   5% 22±L 

-lii 

Mii^-n 

J5.47n msL 
 iä*üfl. 120. 

fi,fi5fl 
fi.fnfl 

{?42t714l 0201 (104.880 

ai.rair.g Weight Ert^ty f4(it4'?4) ^402 ,5 ^ ] «,Sf.1, A?l) (166.1 i) (7,723,3» 1) 

Lass  - Winch Oper./Junnerj 
- Crew Chief"       j  „ _—j„ 

--ÄM-_Xli2a_4 =105,600 

ÜM^HE. Oper.  Weight Empty    t   (45^774J   ;. 404^^114^512,621)li 
-u 

i 

"T 

f-    -j— 
_. _. 4    ... 

  
- ■ -t - 

■ —r  I 

_.l  
,—i  
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TABLE XX.       BASELJHE TMV^PORT AEBCIAFT aMÄMCE CALCUIATIOfiS 
(CRUISE m ROTOR Mm HOVER) 

Cruise on Rotor 

«t Sf.H? 

Olades Deployed) 

Blades Folded 2,196 -425 
.aiadea p^pigiyed -iOifi. 

Delta Morsent 

-933.300    jtlgO 

-263,520 

-t- 
Arro Arm 
neltai ..asitä 

Hover 

Rotors 4.636 -115   j        533.140 ±115. 533.140 
Spinners 300 + 120 
Rotar Controls 
-Misc.  Flight Controls 
Tiltin? Tip-Pod 
Main g^ar Bo» 
Shafting 
Lubrication 

XJlöiL 
-t- 2WM.r\±12£-, 36fQ0Q 

-2iL 
JLiliO.-—ISi^Sa. ±115. 

935 

95 
420 

Instruments 50 
Furnishings   (Fire Ext.)    j 100 
De-icing x 1Q0 

Delta Moment (10.806) 

■»55   .__- 
+   53   i 
■»  90 

1^150- 
46,750 

±-^JL 
.15Sy2äÜ. 

+   50 
4,9^0 

46.750 

+   45 
+   30 
±_9A J 

2i5^ZQQ_^JL_M4 

12,600 Ir 30 
.1^22i 

+  90 
<,500   ]+  90   ; 

12.600 
4f500 

±115-1. 
—^MQ   it 90 4- 

} I i  
■H.063.665   | H.063 .665 

-4 

-_i— 
i 
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TABLE XX.   BASELINS TRANSPORT AIRCRAFT BAIAMCB CALCULATIONS 
(OPERATING WEIGHT EMPTY) 

!'!•-* «f ti.»-T 

,    .,.     ^ininK 

HORt/n%T«L VlfcTl.-Ät 

»UM VOMf\7 «RV MOWSt 
operating Weight Eaigtjr 

]      Cruise on Fan (46.494) [402.5) (18.661.421) (166.4)(7.723.391 l) 
j            {3lades  Folded) 

1           .i.Lades  UnfoideU -  263rS20 0 
j           Delta Moment 

1           (Blados Unfolded) (46f 494) |: 396.0) ri8f397f90H M 66.41(7.72-*.Mi i) 

j           Tilt NaCelle   to Vert. 
i           Delwa .'lonent *   i,063,665 +1,063,665 

i      ilover (46.494) 413.6) (19.461,566) (189.018.787.0631 

l 
■ 
f 

 . 

r~                                             ' 
 ,  |..._._   ... 

r 

I 
1  

   

" -    ■ 

  

i                ^ 

i— 
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TABLE XX.   BASELINE TRANSPORT AIRCRAFT BALANCE CALCULATIONS 
{DESIGN GROSS WEIGHT) 

I                               tirv «£IGMT 

„,,„„,„ ,.     -.'Ali.^'-c                       1] 

Hf.>ki7:*.'Ai ..*,.■               | 

AHV '.if "f \ T I      ÄRV 1        v",m\r         1 
Design Gfööä Weight 

|     Cruise on Fan o.w.E. 46,494 18,661.421 7.723,398 

{          Add Carqo 10,000 390 3,900,000 140 1,400,000 1 
Fuel 100%- lö,5ö€ 439.7 4,619,480 190 1.996.1401 

|      üesign Gross Weiqht (67.000) 405.7) (27.180.909J1166.01 11*111* üd 
1         (Cruise on Fan! 1 

1 
i 

Blades Unfolded 
i           Delta Moment 263,520 0   j 

1      Design Gross Weioht (67.000) f 401.8) (26.917.389Kll66.01 llr119.538J 
_j 

1           Ti i ^ Nai-fli ig 
1          Delta Moment *■   1.063,665 +1.063.665 

1      Desiqn Gross Weiqht (67.000) 417.6) (27.981.054^ 181.8] 12.183.076J 
(Hover) 

i 
1 

■ 

.             1             
i                       1 

i 

.     _i 

  .-..   
jj 

     ■   ■     -   

    

  
         _ 

 _  
  _..... ....   

r                            1 
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7ASLE XX.   BASELINE TRANSPORT AIRCRAFT BALANCE CALCOIATIQNS 
(UNDING GROSS WEK3HT) 

iT»t10N5 

H.WI/ON'ÄL 

K-OVfVT 

VIRTIC*L 

WOMEM 

Laniing Gross Weight 

Ccaiae-fla Fan - O.w.E. 4^.494 18,661..421 7,723. »8 

Add Cargo 17.000 390 6.630.990 MQ_ 2,380.000 
Fuel 501-  4,971 4.19.7 ?,1«6,fi?8  190 944,870 

Landing Gross Weight" 
(Cruise on Fdn) 

Tg8.467) (27.478.0491161.4: 11.048.268 401.3) 

Blades unfolded 
-DelU Koipeat pfii.'ipn JL 

t.«tading Gfass Woiaht ■•KUna Gsoas Woiah 
(Cruise on Rotof) 

(68.467)(397.5) (27t214t529U61t4J 11.048.268 

Tilt Nacelle 
Bslta Moment t 1,061,520 ^•1,06^,520 

Landing Gross Weight 
(Hover)  

(68,467) 413.0) (28,278.0491176.9' 112.111.78 ) 

t 
-f 
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TABLE XX.   BASELIHB TRMISPORT AIRCRAFT BAIANCE CALCUIATIONS 
(FERRY GROSS WEIOBTj 

irrj «EIGHT 
_      _._...,     ^!*T '    '■'                       * 

NOB ! ?'".'ÄL | 
ARV y ■•' « * A-V i   .... Vi v.    « 

j Ferry Gross Weight 

Cruise on Fan - O.W.E. 46.49« 18r661.421 7r723f39b 

Add Fuel - Wing 20.000 139.7 '    8.794.000 190 3.800.000 
J                              - Aux.  Tank 14.000 370 5.130.000 150 2.100.0001 
1                  Auxiliary Tank 725 370 268.250 140    i        101r500| 

200 240    !            48.000 1 ?ft   1          OA  nni\\ 
Less Crew -  480 220     ' -     105;6Ö0 120 57;600| 

i 

1 Ferry   frruia«   nn   Fan) (an,3fi7) U0«.8^-2.846 .071) (170 ,1 ipi,fiqi,  il 
■ ' 

{          Blades Unfolded 
Delta Moment -     263,520 0 

Ferrv   (Cruise on Rotor) (80.387) [405.5) .U2.582.551H170-31 13r691.298J 

Tilt Nacelle 
+1,063,665 +1,063,6651 

Ferry  THover) (80,387) :418.7) (33,640.216)0183.51 14.754.963^ 
_ 

^ !                                      I 
i                                      1 1                                      ! 

■■T""         "    " 

1 i                    i 

  

t                    1 | 
i            j 

i      
■-- ——  
  

i 

-     •   - - — - | 

1 

   

    -    -   - - - 
.  - - 

i                             i 
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TABLE XX.   BASELINE TRANSPORT AIRCRAFT BAIANCE CALCUALTIOMS 
(MAXIMUM GROSS WEIGHT) 

5                                     t - f ■.• M li^HT H0R!7^MAL                      J:                    Vt»TIC»L                     | 

*sv Vf-VF».T *m VOWNT             | 

Mjf.^ru.-.-. Gross Weight 

1      Cruise on Fan  - O.W.E. 46,494 18,661,421 7.723.308 

i           Add   :^rqo 17,000 390 6.630.000 140 2.380.000 
1                      Fuel   100% in^-Ofi d^Q,? i.fiiq.ASR iQn 1   QQfi.ldn 1 

rMix.ru    Gross Weight 
{"-ifisa   nn   P^n) 74r000 t404-2)if29 .910 .9001(1163.51 12 r 099 ,.5381! 

J                 '. __.. J 
1              Uiiniaij   Hrifnlflar) 

263.520 1          D?l*,a MonenL 0 
!                           | 

1 ■:^.ir'.a<. Grass Weight 74,000 140U.fi) l(23^47.389l'(lfi^' ](12,0qqf5-«jj 
1 j 
i 

Tiit Nacelle 
nplt-a   y.m?f*r.t I   1.063.665 +1.063.665 

,'.äxir.-.ara Gross '-.'eight 74 ,nnn 41«;,n) 30,711,054( 177.9) 13,163,203 
j      uiover) 

, 

1 r 
1 

— 
  - 

. 
1 

  

— 
[--      --    — -       — 

_.„_   

—                  -     - .   _ 

—   
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SECTION VIII 

PROPULSION 

1.  ROTOR CHARACTERISTICS 

The purpose of this section is to determine the sensitivity 
of rotor performance to major rovor parameters and to define 
a suitable rotor blade configuration for the stowed-tilt- 
rotor aircraft which will yield optimum hover performance 
at the following operating conditions: 

a. Altitude 6000 feet 
b. Ambient Temperature 950F 
c. Disc Loading 15.0 psf 
d. Tip Speed 870 fps 
e. Hover Thrust to Weight Ratio 1.12 

In addition, the following geometric constraints were 
established: 

a. Four blades (principally minimize rctor nacelle 
diameter but also desirable to minimize noise). 

b. Constant blade chord (minimize rotor nacelle diameter). 

c. Ratio of hub diameter to rotor diameter:  1:12 (.08?). 

These geometric conditions have been fulfilled in the 
design presented (Reference Volume II, Section V), and 
summarized in Table XXIII. 

A performance evaluation of the rotor was undertaken and 
the significant performance characteristics of the blade, 
based on this evaluation, are presented in the attached 
data plots. The method used to obtain the rotor perform- 
ance data which was utilized in the optimization of the 
aircraft for the mission requirements is presented 
below. 

The Boeing propeller/rotor performance analysis consists 
of a strip analysis procedure coupled with nonuniform 
in-flow calculations. Each blade is treated as a rotating 
lifting line, trailing a vortex wake which is mathematically 
approximated by a finite number of concentrated vortex 
filaments. An iterative computation is followed to make 
the induced flow at the disc (determined by the trailing 
vortices) mutually consistent with the spanwise aerodynamic 
loading distribution. The wake shape for the hovering 
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prop/rotor is determined empirically as shown in Figure 
50. The proper definition of the contraction character- 
istics is necessary to properly orient the trailed vertices 
in space in such a way that correct induced velociti JS are 
computed at the prop/rotor.  (The program is documented in 
Boeing Report R-372A, ANALYSIS OF PROPELLER AND ROTOR 
PERFORMANCE IN STATIC AND AXIAL FLIGHT BY AN EXPLICIT 
VORTEX INFLUENCE TECHNIQUE (EVIT)). 

The method and analysis for calculating the performance of 
rotors was checked against the available test data as 
shown on Figures 51 and 52. Note that at the hover con- 
dition the calculated performance accurately predicts the 
test performance. This would be expected since the wake 
shape parameter had been adjusted to provide agreement 
with test data. The blades to be used on this aircraft 
will cover the same parameters as this test data; therefore, 
it is anticipated that the quoted performance will agree 
with the actual performance, with good accuracy. 

At the cruise condition, the agreement with test data is 
shown for two cases:  1) the agreement with the test data 
conducted in the Ames 40 X 80-feet wind tunnel on the 
XC-142 propeller, and 2) the agreement with tests run on 
ONERA. In both cases, the calculated performance agrees 
well with the test data; therefore, the achievement of 
the in-flight efficiency quoted in this document can be 
expected. 

Advanced Boeing-Vertol airfoil sections wera selected to 
provide the moderate camber required for hover performance. 
These airfoil sections have been extensively wind-tunnel 
tested for a range of Mach numbers and lift coefficients. 

Figure 53 shows the effect of blade twist and solidity on 
the Figure of Merit. The total blade twist of the selected 
configuration is near the optimum indicated by the shaded 
area of the upper figure. The blade twist over the effec- 
tive protion of the blade (i.e., 0.2 radius to tip) is 
23.5 degrees. The lower figure shows design point solidity 
very close to that which gives maximum efficiency. The 
solidity appears slightly below the 0.108 at maximum 
efficiency (i.e., o = 0.10) because it was necessary to 
achieve a CT/a not exceeding 0.12 as required in the basic 
criteria. 

Hover performance for the 15 psf baseline aircraft rotor 
is described in Figure 54 and blade angles are given in 
Figure 55 as functions of tip Mach number and thrust 
coefficient. 
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I. The  cruise performance (Figures 56 and 57) for the sane 
j rotor covers the range of advance ratios and thrust coeffi- 
I ciencies expected for the low speed prop/rotor cruise and 
I climb flight nodes. Figure 58 shows the selected blade 
•i characteristics. 

I Toward the end of the study, the thickness to chord ratio 
I was increased at the aerodynamic blade root fron 16 to 20 

percent because of increased loads and other design con- 
siderations. The t/c then decreased tcwa^ds the tip to 
10,6 percent at approximately 0.3 radius and continues as 
shown in Figure 58 to 6.0 percent at the tip. This change 
will have a negligible effect on the rotor performance. 
Further blade definition, load criteria, and recommenda- 
tions are presented in Volume II, Section V, of this 
report. 
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A.  EFFECT OP TWIST 
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Figure 53. Effect of Twist and Solidity on 
Hover Performance. 
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2.  ENGINE CHARACTERISTICS - 

a* General Engine Characteristics 

Planned military aircraft development programs (Air 
Force LIT and ARRS, Army HLH) have spurred engine 
manufacturers to propose advanced turboshaft engine 
candidates for these aircraft. These are growth ver- 
sions of existing engines, shaft power derivatives of 
turboüans funded through development, derivatives of 
component test hardware, or new engines. Proposed 
schedules are such that their qualification tests 
would come in about the 1973 time period. This tine 
frame is generally consistent with the schedule for 
development of the stowed-tilt-rotor aircraft. Per- 
formance and weight characteristics of one of the 
General Electric derivative engines were selected to 
the power requirements scale of the study aircraft. 
Turboshaft engine design parameters are as follows: 

Compressor Pressure Ratio 15.5 

Maximum Turbine Inlet Temperature 2i950F 

Specific Horsepower, SHP/Wa 173.5 hp/lb/sec 

Specific Fuel Consumption, SFC 0.44 lb/hr/hp 

Shaft Horsepower/Engine Weight 7.2 hp/lb 

The performance data supplied by General Electric were 
used to develop design-point component pressure ratio, 
temperature, and efficiency characteristics and turbine 
cooling-air requirenterts. Additional General Electric 
data were used to generate the compressor performance 
characteristics in terms of pressure ratio, referred 
inlet flow, referred compressor speed, and efficiency 
along the engine generaLmg line. 

The cruise exhaust nozzle area of the engine was sized 
to optimize (for cruise flight) the division of the 
energy available from the gas generator, between the 
shaft power to the fan and the engine exhaust kinetic 
energy. The proper exhaust nozzle produces a maximum 
combined fan-plus-engine thrust, and, consequently, a 
minimum cruise thrust specific fuel consumption (TSFC). 
The carpet plot in Figure 59 illustrates, for a 
typical altitude cruise condition, this minimum TSFC 
for each bypass ratios intersected by dashed lines of 
constant fan pressure ratio. The large static exhaust 
area of the variable engine exhaust nozzle was selected 
to maximize the shaft power supplied to the rotors. 
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The design-point aerodynamic match of the supercharging 
fan to the shaft engine was planned to be at compressor 
design speed to prevent stress problems due to high 
gas generator speeds. Because of the temperature in- 
crease through the fan, there was a compressor referred 
speed lower than that of the shaft engine and, conse- 
quently, a lower pressure ratio developed by ehe com- 
pressor. The turbine inlet temperature at the design 
point was selected as 2220oF to produce the correct 
referred flow conditions at the inlet of both the gas 
generator turbine and the power turbine. This engine 
match was chosen to reproduce the same compressor 
operating line for the shaft engine and the engine 
driving a supercharging fan stage. 

Design-point performance of the fan and engines was 
calculated with a fan adiabatic efficiency of 0.87 and 
an efficiency of 0.97 for both fan and gas generator 
exhaust nozzles. Trends of the thrust performance of 
the system as a function of altitude, ambient tempera- 
ture, and flight speed were developed by interpolation 
of the data for a parametric family of fan engines 
with turbine inlet temperatures of 2600"*?, overall 
engine pressure ratios between 15 and 30, and bypass 
ratios from 2 to 16 (Reference 4). Table XXIV is a 
summary of engine and fan performance parameters. 

The installation losses for the powerplant system were 
assumed to be 95 percent ram recovery and 2 percent 
inlet pressure loss. 

TABLE XXIV.  ENGINE AND FAN PERFORMANCE DATA 

1.75 1.51 1.37 1.31 
1.5 20.4 19.4 19.0 
1.35 1.47 1.565 1.667 

Performance Fan Design Bypass Ratio 
Parameter 4.0   6.0    8.0    10.0 

Fan Design Pressure Ratio 
Engine Overall Pressure Ratio 
Fan and Engine Thrust per 

Engine SHP (Ib/hp) 
(SL Std, Max Pwr) 

Engine Specific Fuel Con- 
sumption (SFC) (lb/hr/hp) 

SL Std Max Pwr 0.443 0.443  0.443   0.443 
6000 ft, 950F Mil Pwr 0.450 0.450  0.450   0.450 

Thrust Specific Fuel Con- 
sumption (TSFC) (lb/hr/hp) 

20,000 ft, AFHD, Mach 0.635,   0.722  0.70   0.698   0.77 
NRP 
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The compressor pressure ratio is typical of those 
for the advanced turboshaft engine candidates, which 
cover a range from 13.5 to 20.1. Turbine inlet temper- 
ature also is typical of these advanced engines and 
matches the generally projected 30oF rise per year 
from the naseline of contemporary production engine 
turbine temperatures. 

Emergency ratings were assumed to be a reasonable 
110 percent maximum power. 

b* Engine Installation 

There are many possible propulsion system configurations 
in terms of engine and fan placement. The spätem 
pictured in Figure 60 was the one selected by Boeing 
as the best for the folding tilt rotor aircraft; it 
has many advantages. The propulsion package is gen- 
erally similar in installation to a fully-integrated 
convertible engine and could readily be replaced by 
such an engine in a systems prototype program leading 
to production aircraft. 

Auxiliary inlet doors in the outer cowl provide air to 
the engines when the fan is decoupled and to guide 
vanes which are fully modulated in hover and low speed 
flight. Provision for particle separation in the 
engine airflow during hover c^n be made by installing 
banks of Donaldson tubes in the auxiliary inlets and 
adding a particle-extraction reverse flow of exhaust 
gases through the fan duct. Anti-icing the Donaldson 
tube separator presents a problem for which solutions 
must be determined. 

In the conventional crvise flight iiode, engine air is 
supplied through the fan inlet, providing the engine 
with the fan supercharging noted above. This mode is 
advantageous for high speed aircraft configurations in 
which cruise is the critical engine sizing criterion; 
also, the increased overall engine pressure ratio with 
supercharging produces an improvement in cruise thrust 
specific fuel consumption (TSFC). Figure 61 is 
included here to show the location of the engine in 
relation to the fan and rotor transmission drives. 

c. Selected Engine Characteristics 

The above engine data was utilized to predict the per- 
formance and size (gross weight) of the design point 
configuration within the specified mission profiles. 
Based on these studies, the bypass ratio 6.0 engine 
was selected as the most effective combined thrust and 
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shaft power producer when integrated to the configura- 
tion and mission requirements. The basic engine per- 
formance data consists of plots showing the value of 
four variables: thrust (power), fuel flow (SFC), gas 
generator shaft rpm« and power turbine shaft rpm. 
These plots are presented in Figuren 62,  63, 64, 
and 65 respectively. These plots show the signifi- 
cant characteristics as a function of Mach number and 
turbine inlet temperature. All data are in referred 
normalized format as shown in Table XXV below. 

TABLE XXV.  ENGINE DATA SYMBOLS 

Variable Symbol 
Referred 

Normalized Form 

Thrust 

Power 

FN 
SHP 

PN/6F* 

SHP/6/eSHP* 

Gas Generator RPM NI NJ/ZSN* 

Power Turbine RPM NII N^AeNjj 

Fuel Flow "f Wf/6/OF* 

Power 
Turbine Inlet 
Temperature 

T5 

• 
Wf/6/e SHP* 

■T5/e 

NOTES: 

* = Maximum power setting. Static, Sea level. standard day 

0 = Ambient temperature (0 R) divided by 518.6S )0R 

6 ~  Ambient Pressure (psie i) Divided by 14.696 psia 

d.  Zsro-Flow Controllable Fan 

The preliminary design analysis and weights shown in 
this report include fan clutches. There are now consid- 
ered unnecessary. Discussions with engine manufacturers 
lead to the conclusion that the power absorbed by the 
fan, when it runs in virtually a still^ir environment 
in hover with the auxiliary inlet inner doors closing 
off the fan duct aft of the fan, will be a very small 
percentage of the total power available. This change 
is not expected to significantly alter the engine per- 
formance characteristics as presented in this report. 
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Control of fan thrust from hover to the point where 
1 l thrust is transferred to the fans will be accomplished 

by the following system. Dynamic pressure, ahead of 
and behind the fan, will be sensed and compared; fan 
blade angle or inlet guide vane position will be auto- 
matically controlled to give zero pressure rise across 
the fan, and therefore, zero net thrust. When thrust 
transfer is commanded, the fan control will be auto- 
matically switched to a conventional constant-speed 
system, and fan thrust will be a function of the pilot's 
thrust lever position. 
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DRIVE SYSTEM 

The rotor drive systev is shown scheaatically in Figure 
S6. The drive system design approadi is to utilise drive 
system techniques appropriate to the 1976 IOC date in order 
to minimize weight and cost. Therefore, all shafts along 
the wing (cross-shaft S2) are designed to be supercritical 
and to run at 10,000 rpm. The nacelle bevel gear trans- 
missions provide the proper sense of rotation to the rotors 
without reversing gears, thus affording additional savings 
in cost, weight and power loss. The rotor transmission 
provides approximately a 30:1 reduction. This requirement 
is best provided by the use of a single herringbone offset 
first stage and two planetary stages. The offset arrange- 
ment allows the central hydraulic control elements of the 
rotor control system to fit within the hollow central 
region of the transmission. 

The choice of six and eight planets, respectively, in the 
planetary stages, and the highest possible numerical reduc- 
tion per stage with this number of planets, produces the 
minimum weight tradeoff. This philosophy allows the 
herringbone reduction to carry the lowest possible numeri- 
cal reduction and thereby provides the lightest weight 
design. 

The drive system is described in more detail in the 
COMPONENT DESIGN STUDIES in Volume II. Summaries of the 
drive system data for the three basic design point aircraft 
and the two multimissicn designs are given in Figures 67 
through 71. 
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0 AIRCRAFT 

MOTE:  ROTOR SYSTEM POWERS 
AND RPM'S ARE MAX AT 1001 
RPM.  TORQUES QUOTED ARE 
MAX AT 79% RPM 

ROTOR JAM 
CLOTCH 

FAN JAM 
CLUTCH 

SYNCHRONIZER 
PICKUPS 

OVERRUNNING 
CLUTCH 

Fiqure 67. Design Point I Drive Schematic. 

DESIGN POINT I DRIVE SYSTEM DATA 

Torque (ft-lb) RPM 
Item Qty Power In Out In Out Ratio 

Engine Shaft Nu 4 4,363 1,283 17,850 
Overrunning Clutch 4 4,363 1,283 1,283 17,850 17,850 
Engine Reduction 2 4,363 1,283 4,582 17,850 10,000 1.785:1 
Fan Jaw Clutch 2 8,726 4,582 4,582 10,000 10,000 
Fan Planetary 

Reduction 2 8,726 4,582 6,740 10,000 6,800 1.471:1 
Fan Shaft Ss 
Rotor Jaw Clutch 

2 8,726 6,740 6.740 6,800 6,800 
2 *6,215 4,190 4,190 10,000 10,000 1.0:1 

Rotor Bevel Set 2 *6,215 4,190 4,190 10,000 10,000 
Vertical Shaft Si 2 *6,215 4,190 4,190 10,000 10,000 
Cross Shaft 

Bevel Bi 2 *6,215 4,190 4,190 10,000 10,000 1.0:1 
Cross Shaft S2 1 ♦6,215 4,190 4,190 10,000 10,000 
Rotor Nacelle 

Bevel B2 2 *6,215 4,190 4,190 10,000 10,000 1.0:1 
Longitudinal 

Shaft S3 2 *6,215 4,190 4,190 10,000 10,000 
Herring Bone 

Reduction H 2 *6,215 4,190 10,540 10,000 3,977 2,5145 
1st Stage 
Planetary P^ 2 *6,215 10,540 40,243 3,977 1,041 3.8181 

2nd Stage 
Planetary P2 2 *6,215 40,243 124,389 1,041 336.7 3.0909 

Rotor Shaft S4 2 *6,215 124,389 124,389 336.7 336.7 

»Limited by rotor at 100% rpm. 
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£ AIRCRAFT 

NOTE;  ROTOR SYSTEM POWERS 
AND RlrM'S ARE MAX AT 100% 
RPM.  TORQUES QUOTED ARE 

B  MAX AT 70% RPK 

ROTOR JAW 
CLUTCH 

FAN JAW 
CLUTCH 

SYNCHRONIZER 
PICKUPS 

OVERRUNNING 
CLUTCH 

Figure 68.  Design Poirt II Drive Schematic. 

DESKS) POINT II DRIVE SYSTEM DATA 

Torque (ft-lb) RPM 
Item Qty Power In Out In Out Ratio 

Engine Shaft Nu 4 5,600 1,870 15,720 
Overrunning Clutch 4 5,600 1,870 1,870 15,72J 15,720 
Engine Reduction 2 5,600 1,870 5,879 15,720 10,000 1.572:1 
Fan Jaw Clutch 2 11,200 5,880 5,880 10,000 10,000 
Fan Planetary 

Reduction 2 11,200 5,880 7,920 10,000 6,050 1.653:1 
Fan Shaft S5 2 11,200 7,920 7,920 6,050 6,050 
Rotor Jaw Clutch 2 *7,585 5,034 5,034 10,000 10,000 
Rotor Bevel Set 2 *7,585 5,034 5,034 10,000 10,000 1.0:1 
Vertical Shaft Sj. 2 *7,585 5,034 5,034 10,000 10,000 
Cross Shaft 

Bevel Bi 2 *7,585 5,034 5,034 10,000 10,000 1.0:1 
Cross Shaft 83 1 *7,585 5,034 5,034 10,000 10,000 
Rotor Nacelle 

Bevel B2 2 *7,585 5,034 5,034 10,000 10,000 1.0:1 
Longitudinal 

Shaft S3 2 *7,585 5,034 5,034 10,000 10,000 
Herringbone 

Reduction H 2 ♦■"»sas 5,034 14,710 10,000 3,423 2.9217 
1st Stage 
Planetary P]^ 2 *7,S,85 14,720 56,165 3,423 879 3.81818 

2nd Stage 
Planetary P2 2 *7,585 56,165 173,600 879 290 3.0909 

Rotor Shaft S4 2 *7,565 173,600 173,600 290 290 

♦Limited by rotor at 100% rpm. 
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Figure 69. Design Point III Drive Schematic. 

DESIGN POINT III DRIVE SYSTEM DATA 

Item Q*L Power 
Torque (ft-lb) 
In      Out 

RPM 
In Out Ratio 

Engine Shaft NJJ 
Overrunning Clutch 
Engine Reduction 
Fan Jaw Clutch 
Fan Planetary 

Reduction 
Fan Shaft S5 
Rotor Jaw Clutch 
Rotor Bevel Set 
Vertical Shaft Sj 
Cress Shaft 

Bevel Bi 
Cross Shaft S2 
Rotor Nacelle 

Bevel B2 
Longitudinal 

Shaft S3 
Herringbone 

Reduction H 
1st Stage 
Planetary P^ 

2nd Stage 
Planetary P2 

Rotor Shaft S« 

♦Limited by rotor at 100% rpm. 

4 
4 
2 
2 

5,600 
5,600 
5,600 
11,200 

1,870 
1,870 
5,880 

1,870 
l,87ff 
5,879 
5,880 

15,720 
15,720 
10,000 

15,720 
15,720 
10,000 
10,000 

1.572:1 

2 
2 
2 
2 
2 

11,200 
11,200 
*8,045 
*8,045 
*8,045 

5,880 
7,920 
4,987 
4,987 
4,987 

7,920 
7,920 
4,987 
4,987 
4,987 

10,000 
6,050 

10,000 
10,000 
10,000 

6,050 
6,050 

10,000 
10,000 
10,000 

1.653:1 

1.0:1 

2 
1 

*8,045 
*8,045 

4,987 
4,987 

4,987 
4,987 

10,000 
10,000 

10,000 
10,000 

1.0:1 

2 *8,04fi 4,987 4,987 10,000 10,000 1.0:1 

2 *8,045 4,987 4,987 10,000 10,000 

2 *8,045 4,987 14,570 10,000 3,423 2.9217 

2 *8,045 14,570 55,663 3,423 879 3.81818 

2 
2 

*8,045 
*8,045 

55,663 
172,048 

172,048 
172,048 

879 
290 

290 
290 

3.0909 
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Figure 70.  Design Point IV Drive Schematic. 

DESIGN POINT IV DRIVE SYSTEM DATA 

Tore (ft-lb) RPM 
——' 

Item Qty 

4 

Power 

4,941 

In Out In Out Ratio 

Engine Shaft NJI 1,554 16,700 
Overrunning Clutch 4 4,941 1,554 1,554 16,700 16,700 
Engine Reduction 2 4,941 1,554 5,190 16,700 10,000 1.67:1 
Fan Jaw Clutch 2 9,882 5,190 5,190 10,000 10,000 
Fan Planetary 

Reduction 2 9,882 5,190 8,034 10,coo 6,460 1.548:1 
Fan Shaft Se 
Rotor Jaw Clutch 

2 9,882 8,034 8,034 6,460 6,460 
2 *7,800 4,904 4,904 10,000 10,000 

Rotor Bevel Set 2 *7,800 4,904 4,904 10,000 10,000 1.0:1 
Vertical Shaft S, 
Cross-Shaft 

2 *7,800 4,904 4,904 10,000 10,000 

Bevel Bi 2 *7,800 4,904 4,904 10,000 10,000 1.0:1 
Cross-Shaft S2 1 *7,800 4,904 4,904 10,000 10,000 
Rotor Nacelle 

Bevel B2 2 *7,800 4,904 4,9C4 10,000 10,000 1.0:1 
Longitudinal 

Shaft S3 2 *7,800 4,904 4,904 10,000 10,000 
Herringbone 

Reduction H 2 *7,800 4,904 14,530 10,000 3,375 2.9626 
1st Stage 
Planetary P^ 2 *7,800 14,530 55,478 3,375 884 3.8181 

2nd Stage 
Planetary P2 2 *7,800 55,476 171,478 884 286 3.0909 

Rotor Shaft S4 2 *7,800 171,478 171,478 286 286 

♦Limited by rotor at 100% rpm. 
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Figure 71. Design Point V Drive Schematic. 

DESIGN POINT V DRIVE SYSTEM DATA 
wmsm                                                   n 1 

Torque (ft-lb) RPM 
Item Qty Power In Out Ir Out Ratio 

Engine Shaft N^j 4 7,426 2,851 13,680 
Overrunning Clutch 4 7,426 2,851 2,851 13,680 13,680 
Engine Reduction 2 7,426 2,851 7,800 13,680 10,000 1.368:1 
Fan Jaw Clutch 2 14,852 7,800 7,800 10,000 10,000 
Fan Planetary 

Reduction 2 14,852 7,800 14,718 10,000 5,300 1.387:1 
Fan Shaft Sc 
Rotor Jaw Clutch 

2 14,852 14,718 14,718 5,300 5,300 
2 •11,320 6,498 6,498 10,000 10,000 

Rotor Bevel Set 2 *11,320 6,498 6,498 10,000 10,000 1.0:1 
Vertical Shaft Si 2 *11,320 6,498 6,498 10,000 10,000 
Cross i,naft 

Bevel Bj 
Cross Shaft $2 

2 ♦11,320 6,498 6,498 10,000 10,000 1.0:1 
1 »11,320 6,498 6,498 10,000 10,000 

Rotor Nacelle 
Bevel B2 2 *11,320 6,498 6,498 10,000 10,000 1.0:1 

Longitudinal 
Shaft S3 2 »11,320 6,498 6,498 10,000 10,000 

Herringbone 
Reduction H 2 »11,320 6,498 21,341 10,000 3,045 3.2841 

1st Stage 
Planetary P^ 2 »11,320 21,241 81,486 3,045 798 3.8181 

2nd Stage 
Planetary P2 2 »11,320 81,488 251,864 798 258 3.0909 

Rotor Shaft S4 2 »11,320 251,864 251,864 258 258 

•Limited by rotor at, 100% rpm. 
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SECTION IX 

STRUCTURAL DYNAMICS ANALYSIS 

1. AERCSLASTIC STABILITY 

Analyses are made to ensure that there are no whirl 
flutter, air resonancef or classical wing flutter problems 
with the folding-tilt-rotor aircraft. Whirl flutter, air 
resonance and classical wing flutter prevention are inves- 
tigated in order to determine whether or not the wing 
stiffness, based on ultimate strength is adequate. Rotor 
blade aeroelastic stability is treated in a limited way. 
For the condition of zero rpm and zero foldback ancle 
blade torsional flutter is checked. Blade torsional 
divergence is checked as a function of equivalent forward 
sweep. More detailed blade analyses will be carried out 
during Phase II. The blade wing mass, and stiffness 
properties given in Volume 2 are used to obtain the design 
conditions used in analyses shown here. The configuration 
analyzed is adequately stable. Detailed results for the 
parameters are given in Table XXVI. 

2. WHIRL FLUTTER 

Results of a study using program C-26 with wing/nacelle 
chordwise bending frequency and wing/nacelle pitch 
frequency varying and other parameters fixed at nominal 
are shown in Figure 72.* The Model aircraft was considered 
to be in the maximum velocity propeller flight mode of 250 
knots EAS with no control feedbacks.  This is the most 
critical velocity for whirl flutter. Aircraft design is 
stable.  There is no flutter region present even if the 
structural damping is considered to be zero. 

As shown in Figure 72, a very significant parameter for 
both whirl flutter and divergence is the wing torsional 
stiffness and corresponding frequency.  For nominal aircraft 
properties, increasing the wing/nacelle torsional stiff- 
ness significantly improves the stability of the system. 
The wing/nacelle chordwise bending stiffness has a 
relatively minor effect on the stability boundaries for 
■>ractical variations around nominal. 

* Nacelle and joint stiffness was assumed to be infinitely 
rigid. 
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TABLE XXVI.  PARAMETERS OF AIRCRAFT USED FOR AEROELASTIC 
STABILITY ANALYSIS 

Description Value 

Radius of Rotor (in.) 275.2 
Number of Blades                         2 ^ 
First Moment of 1 Blade About Flap Hinge (lb-sec ) 125.5 
Inertia of 1 Blade About Flap Hinge (lb-sec2-in.) 21,015 
Ratio of Blade Cut Oat to R (nondimens.tonal) 0.2 
Blade Twist at 75 percent R - Root Reference -16.5 

(degrees) 
Mean Chord (in.> 23.04 
Lift Slope Coefficient (1/rad) 5.73 
Distance from Center of Hub to Nacelle Pivot (in.) 115 
Distance Between Nacelle Pivot and Effective 220 
Wing Root (To be approximately 61 percent of 
wing semispan) (in.) 

Distance Between Nacelle Pivot and eg of Rotor 94.2 
Nacelle Combination (in.) 

Nacelle (Including Blades and Hub) Moment of 136,204 
Inertia in Pitch (lb-sec2-in.) 

Weight of Nacelle Including 4 Blades and Hub (lb) 6,730 
Wing/Nacelle Pitch (Torsion) Frequency (cps) 2.75 
Wing/14acelle Yaw (Chordwise) Frequency (cps) 2.87 
Wing/Nacelle Vertical Bending Frequency (cps) 2.51 
Rotcr Speed, Propeller Mode (rpm) 262 
Maximum Forward Speed, Propeller Mode (kn) 250 
Blade Flap Frequency (cps) 5,37 
Blade Angle-of-Attack at 75 Percent Radius 0 

(degrees) 
Effective Hinge Offset (in.) 59 
Blade Pitch Axis               at 25% Percent Blade Chord 
Wing Pitch Axis                at 40 percent Section Chord 

NOTES: 

1. Blade parameters used were for the baseline aircraft design. 
Infinite blade control system stiffness was assumed. 

2. The six degree-of-freedom analysis computer program (C-26) 
was used for the whirl flutter analysis. This analysis 
consists of a system of 6, second order, linear differential, 
equations. Basic assumptions made in the analyses include 
quasi-state aerodynamics, out-of-plane blade flapping, 
zero blade-flap hinge offset, and constant rotor velocity. 

3. Computer program C-27 was used for the ground resonance 
analysis. This is a second order linear set of 9 
differential equations which include 2 normal blade modes. 
Quasi-static aerodynamics was utilized. The program 
contains in and out-of-plane bending of the blades. 
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Figure 72. Model Design is Stable From Whirl Flutter at 250 
Knots EAS With Cyclic Feedback System Inoperative 
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the rotor speed margin of the aircraft is adequate at the 
maximum propeller cruise velocity of 250 knots (E&S). The 
margin of safety on rotor speed is at least 140 rpm (see 
Figure 73). The aircraft stability is quite insensitive 
to rotor rpm over the studied range of 0-400 rpm. 

The model design is stable (with significant margins of 
safety) over all operating velocities as shown in Figure 
74. Also, this figure again emphasizes the importance 
of wing/nacelle pitch stiffness (or frequency) on whirl 
flutter/divergence safety margins. 

The model is also stable at all operating power settings 
as shewn in Figure 75. The propellers could approach a 
windmilling condition during slowdown from dash speed and 
still remain stable even if a cyclic system were not 
provided. 

The analytical model used for this study is shown in Figure 
76. This is a 6-degree-of-freedom analysis which 
describes the blade coning, pitch and yaw of the disc 
plane, wing/nacelle vertical bending (vertical translation), 
torsion (wing/nacelle pitch), and Chordwise bending (wing- 
nacelle yaw). The capability of treating both the effects 
of structural damping and feathering feedback are inclv^d. 
The analysis computes the stability boundary as a func ijo. 
of variation in pitch and yaw natural frequencies. 

3. TORSION BLADE DIVERGENCE AND FLUTTER 

The blade is considered to be feathered and stopped. It is 
treated as a cantilayered slender wing with zero lift 
(Sections 8-3 and 8-4 Reference 5) and is found to be free 
from torsional divergence for all forward sweep angles 
(Figure 77). The most critical angles of forward sweep 
are from 30 degrees to 50 degrees. The blade is round, 
by conservative calculations, to be free of blade flutter 
for the deployed blade, zero rpm, situation to 350 knots. 
The maximum anticipated forward sweep due to maneuver and 
gust is approximately 20 degrees. 

4. CLASSICAL WING FLUTTER 

The wing is analyzed as a uniform cantilever wing by the 
method defined in Section 9-2 of Reference 5 and is found 
to be free of classical flutter up to a conservative minimum 
forward airspeed of 600 knots. 
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5.  AIR RESOMANCE 

The folding-tilt-rotor aircraft can have air resonance 
stability problems due to blade chordwise (lag) bending 
coupling with an aircraft mode. Such resonance conditions, 
if they occur within the aircraft operating regime, must 
be damped by the airframe and blade structural damping and 
rotor blade and wing aerodynamic damping. 

Figure 78 shows rotor and aircraft freedoms as a function 
of rotor speed. There are three regions of coalescence of 
rotor and aircraft frequencies as a function of rotor speed, 
Instabilities might be expected at any of these three 
intersections. Coalescence with the upper blade mode has 
never been found to be a problem and is not one here. 

The coalescence between the lower blade mode and the rotor- 
wing vertical bending intersection is found to be stable 
(Figure 79) when nominal structural damping and rotor 
aerodynamic damping effects are considered. The area of 
instability, due to the coalescence between the lower blade 
mode and the wing chordwise bending mode, is sufficiently 
removed from the rotor operating speed that it does not 
present a problem. 

The analytical model used for this study is shown in 
Figure 80. This is a 9-degree-of-freedom analysis which 
includes torsion (wing/nacelle pitch), chordwise bending 
(wing/nacelle yaw), roll (wing/nacelle) and 2 linear 
blade modes each described by a constant blade angle and 
pitch yaw of the tip path plane. 
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SECTION X 

STABILITY AMD CONTROL 

1.  HOVER CONTROL 

To date, analysis of hover control has been confined to 
determining hour control is to be obtained and what forces, 
moments, and control movements are required to give 
specified initial angular accelerations. Control response 
rates and dynamic stability in hover have not been 
investigated. 

Control in hover is provided by the rotor system without 
the use of pitch or yaw fans or wing control surfaces. 
The system has been designed to provide the initial angular 
accelerations specified in the flying qualities criteria 
(i.e., roll: 1.0 radians/sec2; pitch: 0.6 randian/sec2; 
and yaw: 0.5 radians/sec*2) while minimizing as far as 
possible the loads which control applications apply to 
the rotor, tip nacelle and tilting mechanism, and wing. 

a. Roll Axis 

Roll control is provided by differential collective 
pitch on the two rotors. For the hover roll inertia 
of 688,000 slugs ft2 at design takeoff gross weight 
(67,000 pounds) a differential thrust of +11,250 
pounds is required to provide 1.0 radians7sec2 initial 
angular acceleration. This is given by changes in 
collective pitch of +3 degrees. 

b. Pitch Axis 

Longitudinal cyclic control is used for longitudinal 
trim and pitch control. The trim requirement ac design 
takeoff gross weight is for eg movement 10 inches 
forward and aft of the zero trim position. The initial 
pitch angular acceleration requirement of 0.6 radians/ 
sec2 requires a control moment of 133,800 ft-lb for tne 
pitch inertia of 223,000 slugs ft2. One degree of tip 
path plane deflection due to cyclic gives 32,700 ft-lb 
of hub moment per rotor and 6,700 ft-lb due to thrust 
line offset at the eg height for a total of 78,800 
ft-lb per degree for both rotors. A trim capability 
of +10 inches is thus provided by 0.71 degrees of cyclic 
tip path plane deflection. The control moment will 
require 1.7 degrees of tip path plane deflection giving 
a total longitudinal control requirement of 2.41 
degrees. 
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c. Yaw Axis 

Yaw control is obtained by differential inclination of 
the rotor tip path planes. This can be accoa^lished 
by differential longitudinal cyclic control and/or 
by differential tilting of the rotor nacelles. Cyclic 
control produces a hub noment as well as tip path plane 
tilt and this isoment does not, of course, contribute 
to yaw control. Thus, the use of oyclic control alone 
may lead to high blade stresses, large moments in the 
nose mount rotor bearings and tilt actuator attachment 
structure, and high actuator loads. On the other hand, 
yaw control through differential nacelle tilt alone 
will require large actuator powers in order to obtain 
satisfactory control response. The objective in this 
preliminary assessment of yaw control System principles 
is to obtain an optimum compromise between these factors, 
An analysis has therefore beeh made to determine the 
mix of differential cyclic and nacelle tilting which 
will provide the driving moment for nacelle tilting, 
from the moment abeut the nacelle pivot due to cyclic. 
The solution tunat  also ensure satisfactory response and 
total control moiaent. 

-2' ' 
The total control moment required to give 0.5 raä/see 
initial yaw acceleration is 375,000 ft-lb for the 750,000 
slugs ft2 yaw inertia at design takeoff gross weight. 
The equivalent differential in-plane force is 6,100 pounds 
giving a tilt per rotor of 9.65 degrees. Thus, any 
combination of nacelle tilt and tip path plane deflection 
due to cyclic whose sum is 9.65 degrees will give the 
required control moment. The total moment about a nacelle 
pivot is 38,700 ft-lb per degree of tip path plane 
deflection due to cyclic (32,700 ft-lb direct hub moment 
and 6,000 ft-lb due to thrust offset from the pivot). 
This moment is therefore available to drive the nacelle 
tilt. The moment required to drive nacelle tilt is the 
product of the angular acceleration of the nacelle and its 
inertia. If we assume a sinusoidal variation of nacelle 
angular acceleration, the acceleration, velocity, and 
angular velocity time histories shown in Figure 81 are 
obtained. The aerodynamic moments generated for repre- 
sentative angular velocities are small and can be neglected. 

These analyses have been used to obtain the summary plot 
presented in Figure 82. In this figure, the pivot moments 
required +-o tilt the nacelle by the amounts on the abscissa 
scale are shown for various total response times. The 
pivot moments generated by tip path plane deflections due 
to cyclic (Aß) are also shown, including the additional 
moments due to full fore and aft trim. The sum of the 
corresponding values of Aß and A« is 9.65 degrees at all 
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points on the abscissa scale. It can be seen that control 
by cyclic alone, point (1), generates high aonents which 
will result in large L'ade loads and tilt actuator forces. 
However, if rudder pedal TOveaent demands both cyclic and 
nacelle tilt of the amounts given by point (2) then 2.0 
degrees of cyclic will generate the moment required to tilt 
the nacelle 7.65 degrees in 0.5 seconds and together they 
will give the required control. In this example the 
adverse effect on one side of moment due to longitudinal 
trim is included and a response time oi: 0.5 seconds to 
full control (which is considered adequate) has been used. 
Compared to Point (1) the pivot moment due to yaw control 
only. Point (3), is reduced by a factor of 5 but there is 
still no hydraulic power required by the tilt actuators. 
Actually, in considering yaw control cases only, the 
maximum column load on the actuator will occur when the 
maximum moment required to decelerate the nacelle angular 
movement is added to the cyclic moment. If the response 
is as shown in Figure 81, then this maximum moment will 
be twice the cyclic moment, which is still a reduction 
by a factor of 2.5 when compared to all-cyclic control. 

Another possibility is to use nacelle tilt only to produce 
the control moment and to use 2.3 degrees of cyclic 
(point (4) of Figure 82) as a servo control to provide 
the pivot moment needed to accelerate and stop the nacelle 
tilting motion. This would require a sinusoidal cyclic 
control input matched to the nacelle tilt motion. Such a 
system would have the advantage of further minimizing tilt 
actuator loads. However, the control system design 
implications for such a system need to be investigated. 

In summary, it has been shown that, in principle, adequate 
yaw control can be obtained on a tilt-rotor aircraft with 
hingeless rotors without the use of large amounts of cyclic 
control leading to high blade and other loads, and without 
the necessity for a brute force approach of large nacelle 
tilt actuators to drive a differential nacelle tilt system 
with adequate response. The system advocated at this time 
is that which uses 2 degrees of differential tip path plane 
deflection due to cyclic, coupled with 7.65 degrees of 
differential nacelle tilt. 
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Figure 81. Assumed Response Characteristics of Rotor Nacelle 
Tilt for Yaw Control. 
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Figure 82. Cyclic Pitch and Nacelle Tilt Mixing for Yaw 
Control. 
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I 2.  TRMiSITIOM COMTBOL 

The control system will be designed to provide uncoupled 
control about each axis, with conventional basic response 
to control stick and rudder pedal noveasnt. Longitudinal 
control will be phased fron longitudinal cyclic pitch 
to the horizontal tail surface as speed increases fro» 
hover to forward flight. Automatic programming of hori- 
zontal tail incidence will be used to help minimize trim 
changes during transition. Soil control will be trans- 
ferred from differential collective pitch in hover to 
differential flap deflection in flaps-down conventional 
flighti and yaw control will be transferred from combined 
differential longitudinal cyclic and nacelle tilt in hover 
to rudder in conventional flight. Phasing and mixing of 
controls will be a function of transition speed and/ur 
nacelle tilt angle as determined by future analysis and 
model tests. 
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3. COHVERSIOH COHTROI. 

Conversion and reconversion fron» rotor to fem-driven flight 
and back must be accomplished with mininu» pilot effort. 
Although the conversion events may be individually com- 
manded by the pilot (e.g., for test purposes or to inspect 
rotor blades after combat)f  the pilot will normally select 
"convert" or "reconvert" and the sequences of events de- 
scribed in Table XXVII will occur automatically. An anun-> 
ciator panel on the console will have sequenced lights 
corresponding to each event for pilot information, switches 
for pilot control of individual events, and master switches 
for selection of automatic conversion or reconversion. 
While all actuators, power supplies, sequencing switches, 
and circuitry would be duplicated, failure warning and 
diagnostic features would also be provided. 

With this automatic feature the pilot will be free to con- 
trol aircraft height and speed in the normal fashion. 

While the preliminary design analysis and weights shown in 
this report are based on a propulsion system which included 
fan clutches they are not now thought to be necessary. 
Discussions with engine manufacturers led to the conclusion 
that the power absorbed by the fan running in virtually a 
still air environment in hover, with the auxiliary inlet 
inner doers closing off the fan duct aft of the fan, will 
be a very small percentage of the total power available. 
Therefore, Table XXVII is based on a system which does not 
have fan clutches. It is assumed that dynamic pressure 
sensing systems, in front of and behind the fan, will be 
used to sense the pressure difference across the fan and 
that this will signal inlet guide vane or fan blade pitch 
to maintain zero net thrust on the fan during trensition 
to forward flight. When thrust transfer is initiated this 
system will be cut out and control of the inlet guide vanes 
or fan pitch transferred to a normal constant speed system. 

Wind tunnel tests show that lift coefficient increases by 
0.15 in a linear fashion as the blades are folded at the 
low wing angle-of-attack typical of conversion with flaps 
down. Trim changes did not exceed a ACm of 0.05, well be- 
low the trim changes experienced with flap retraction on 
conventional aircraft. Drag reduction during folding cor- 
relates well with analysis and it was found that the blades 
lying flush in sculptured recesses, but not sealed in the 
nacelle, did not increase the drag significantly as com- 
pared to a completely faired nacelle. The effect of blade- 
folding on lift slope and longitudinal stability is illus- 
trated in Figures 83 and 84. The change in neutral point 
of 10.6 percent as the blades are folded is expected to be 

199 



TABLE XXVII, 

Function 

ST0WED-TILT-R0TOR AIUCBAFT CONVERSION 
CYCXE AUTOMATIC MODE 

Action Required Input 

Rotor Feathering and Folding 

Thrust Transfer and 
Rotor Disengage- 
ment 

Rotor Stopping 

Rotor Locking 

Fold Blades 

Retract Flaps 

Decrease rotor blade   Pilot command for 
pitch and actuate rotor conversion 
clutches so that they 
disengage as rotor 
torque approaches 
zero. Increase fan 
blade pitch through 
constant speed system. 

Drive rotcr blade pitch Rotor clutches 
to slightly past      disengaged (micro- 
feather switch signal) 

Rotor stops and re- 
verses rotation 

Electro hydraulic unit 
applies rotor locks 

Blade fold actuator 

Blade tip restraints 
actuated and locked 

Pilot manual selec- 
tion 

Microswitch signal 
from antirotation 
locking dog 

Rotor locked at 
correct azimuth 
position 

Fold angle appro- 
ximately 85 de- 
grees (microswitch 
signal) 

Conversion complete 
indicated on panel, 
and IAS checked 

Rotor Deployment and Spinup 

Slew to Allowable    Pilot action 
Conversion Speed 
Range and Lower 
Flaps 

Deploy Blades Blade fold actuator Pilot selects 
reconversion 
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Function 

Blades Locked 

Rotor Spinup and 
Engagement 

I 

Thrust Transfer 

TABLE XXVII.  (Continued) 

Action Required Input 

Hydraulic locking pins Fold actuator 
engaged position 

Decrease rotor blade 
pitch, then rpm/blade- 
pitch feedback to 
match rpm across rotor 
clutches. 

Rotor clutches in 

Increase rotor pitch 
to setting dictated 
by constant speed 
governor for pilot 
controlled power 
setting and actuate 
automatic system for 
zero fan thrust 

Blade lock micro* 
switches 

Clutch synchroniz- 
ed signal 

Rotor clutches 
engaged micro- 
switches 
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FOLDED LIFT SLOPE: 
0.0725 PER DEGREE 

UNFOLDED LIFT SLOPE: 
0.0823 PER DEGREE 
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Figure 83. Effect of Blade Folding on Lift Slope. 
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Figure 84. Effect of Blade Folding on Longitudinal 
Stability. 
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(approximately 17 percent) at full scale, since the 
model Reynolds number based on blade chord is less than 
105. This loss of stability is accompanied by an aft eg 
shift of approximately 5 percent MAC and an increase in 
longitudinal damping, so that the short period mode is not 
substantially affected. While the tail could be sized to 
give inherent stability in this case, it would result in 
excessive static stability in the fan-driven cruise mode 
which would give very high tail loads in high speed maneu- 
vers as well as compromising handling qualities. A more 
attractive solution would be to utilize the stability 
augmentation necessary for hover and transition to stabilize 
the aircraft in rotor driven flight and size the tail for 
satisfactory handling qualities in fan-driven flight. The 
SAS systems would of course have the necessary redundancies 
to insure safety of flight in the basically unstable rotor 
mode. 

Rotor spiAup and stopping are accomplished aerodynamically 
without tae aid of mechanical spinup devices or brakes. 
Model tests have shown that lift and pitching moment changes 
are negligible for either spinup or stopping. However, the 
energy required to spin up the rotor results in a drag 
transient and stopping gives a thrust transient. The 
transient thrust levels during rotor stopping are less than 
the transient spinup drag values. Figures 85 and 86 give 
typical time histories of pertinent parameters for conver- 
sion and reconversion. Preliminary analysis of wind tunnel 
test results indicates that the spinup drag transient does 
not peak above available thrust values; and will therefore 
not cause any speed or altitude change if fan thrust is 
controlled to match the transient (by autopilot height 
hold for instance). Spinup times are expected to be about 
20 seconds. 
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4.  STATIC STABILITY CHARACTERISTICS 

The empennage was sized to provide adequate static stability 
margins throughout the cruise flight envelope with the 
rotors folded. The stability augmentation system (SAS), 
which is required to provide acceptable flying qualities 
during hover and transition, will be used to neutralize the 
destabilizing effects of the rotor during the rotoi 
extended cruise phase and the folding operation. This 
is desirable to eliminate large stability and control 
sensitivity changes between the extended and folded flight 
modes of the rotor. A static margin (SAS OFF) of at least 
IS percent exists throughout the cruise speed range for 
the farthest aft location of the center of gravity. The 
horizontal tail area and tail volume coefficient (referred 
to the most aft eg) are 199 square feet and 0.78 re- 
spectively. 

The unaugmented directional stability (Cug) is at least 
0.08 per radian at the most aft center of gravity location 
throughout the rotors folded flight envelope, as indicated 
in Figure 87. Vertical tail area and volume coeffi- 
cient are 154 square feet and 0.087 respectively. 

By locating the horizontal tail on top of the vertical tail, 
destabilizing wing downwash and dynamic pressure effects 
are minimized. The high horizontal tail also acts as an 
endplate on the vertical tail to increase the vertical tail 
effective aspect ratio. The static and dynamic stability 
derivatives, used in the following dynamic stability analy- 
sis, are summarized in Tables XXVIII and XXIX. Conventional 
methodology from References 6 and 7 was utilized to 
predict the cruise stability derivatives (rotors folded). 
This procedure involved a buildup from two dimensional 
airfoil data and a correction for three dimensional effects, 
compressibility effects, interference, etc. This procedure 
was performed on the Model 160 tilt rotor, which is similar 
configuration, and showed good correlation with wind tunnel 
test data. 

5.  CONTROL CHARACTERISTICS 

a. Elevator 

A flying tail configuration was selected for longitudi- 
nal control. Control authority of the tail configura- 
tion is shown as CM versus tail incidence in Figure 
88. From this data it can be shown that elevator per 
g requirements for the positive V-n maneuver corner 
at 256 knots are satisfied only for the nominal and 
maximum aft eg configurations. 
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TABLE XXVIII.  LONGITUDINAL STABILITY DERIVATIVES 

CG - 33 Percent MAC 

V = 180 Kn V = 420 Kn 
10,000 Ft 10,000 Ft 

St (ft/sec)"1 0.000S8 -0.00008 

CX (rad)"1 0.144 -0.215 
a 

% 
CZ 

(rad/sec)"1 

(ft/sec)'1 

0 

-0.0077 

0 

-0.00058 

CZ (rad)'1 -5.49 -6.0 

% 
Si 

(rad/sec)'1 

(ft/sec)'1 

0 

0.00179 

0 

0 

Si (rad)"1 -0.855 -0.898 
a 

CM Mq 
CM 

(rad/sec)"1 

(rad/sec)~ 

(rad)'1 

-0.216 

-0.086 

-2.96 

-0.102 

-0.043 

-3.36 
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TABLE XXIX.  LATERAL-DIRECTIONAL STABILITY DERIVATIVES 

V « 180 Kta V « 420 Kts 
10,000 FT 10,000 Ft 

-0.578 -0.593 

0.412 0.428 

-0.0762 -0.0956 

0.0868 0.052 

-0.354 -0.369 

0.145 0.0624 

-0.1699 -0.1301 

0.3013 -0.0854 

-0.3991 -0.403 

-0.122 -0.124 

0.0266 0.027 

-0.184 -0.189 

-0.040 -0.041 

r 

Cn 

% 

Cn 
j 

P 
Ch 
Clr 

Cl 
p 

Cn6r 

Cl 

Cl 
SA 

Cn 
6A 
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Figure 88. Longitudinal Control Characteristics at 
Low Speed with CG at 33 Percent of the 
Mean Aerodynamic Chord. 
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For the maximum forward eg tail, saturation will be 
experienced prior to attainment of the maneuver g. 
This problem is expected to be solved with inverse 
camber on the tail surface or a geared elevator. 
Briefly, the elevator per g data is 

CG at 20 percent MAC is 8.60/g 
CG at 30 percent MAC is S.OVg, 

and tail saturation (stall) is predicted at 17 to 18 
degrees incidence. 

b. Rudder 

The rudder must be adequate to hold 5 degrees or less of 
sideslip with one engine inoperative and the rotors 
stowed. This condition can be satisfied at zero bank 
and sideslip with 7.5 degrees deflection of a 40- 
percent chord rudder, as shown in Figure 89. While a 
smaller-chord rudder would meet the criteria, the 40- 
percent-chord surface has been retained since, as shown 
in Figure 90, it permits a 1.2 Vs two-engine-out 
condition with 5 degrees sideslip. This is considered 
desirable for the two-engine-out emergency landing case. 

c. Aileron 

A plain flaperon configuration was considered for this 
analysis. The analysis also assumed no yawing moment 
due to flaperon deflection. The roll response predic- 
tions are shown in Figure 91. These show that roll 
response is not adequate at speeds below 180 knots. 
Development of a slotted flaperon to permit stalling 
of the wing with the downward-deflected flaperon should 
produce adequate response. Adverse yaw effects could 
require a flaperon-spoiler arrangement. 

6.  DYNAMIC STABILITY 

a. Stick Fixed 

(1) Longitudinal 

(a)  Short Period Mode 

Short period information is displayed in the 
WSp versus nz/a format in Figure 92 and in 
complex format in Figure 93. In both cases, 
the data is compared with the criteria set 
out in MIL-F-00B785 with the observation that 
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Figure 93. Longitudinal Short Period Roots with the CG Maximum 
Aft and a Gross Weight of 67,000 Pounds. 
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the acceleration performance is well within 
the level 1 constraints, and the danping is 
only marginally outside the Level 1 criteria 
for the high altitude, high velocity mission 
comer. 

(b) Phugoid Mode 

The phugoid mode is displayed in coflqalex form 
in Figure 94, with the observation that levels 
1 and 2 are violated for the low speed domain, 
and level 1 is violated for the high speed 
domain. Within the mission and payload con- 
straints, suggested correction of the phugoid 
through configuration is unfavorable since a 
reduction in L/D is indicated. Since, as 
previously stated, a SAS based or. air data 
pickoffs will be installed, pickoffs will be 
available to augment the phugoid. 

(2) Lateral 

(a) Dutch Roll 

Dutch roll data is displayed in complex format 
in Figure 95, and the exhibited behavior is 
outside level 1 constraints only for the low- 
speed high-altitude mission corner. Any 
corrections of this deficiency through mani- 
pulation of geometry (dihedral and vertical 
tail) are at the expense of the spiral mode 
which is already unacceptable. Consequently, 
the corrections must come in the form of 
lateral rate and attitude augmentation. No 
further adjustment of the configuration is 
suggested at this time to accommodate the 
dutch roll. 

(b) Roll Subsidence 

The aircraft is generally deficient in roll 
damping as result of high roll inertia ver- 
sus low aspect ratio. In general, only level 
3 criteria are met. However it is suggested 
that no changes in the configuration be made, 
since it is believed that boundary layer be- 
havior over the tip nacelles may produce 
higher damping coefficients than those esti- 
mated using standard techniques. 
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(c) Spiral Divergence 

Spiral behavior over the whole mission eavcl- 
ope following conversion is generally 
unacceptable by MIL-F-008785 standards. For 
this configuration, the most effective tech- 
nique of reducing this deficiency is to 
increase the body end plate effect on the 
vertical tail by broadening the aft fuselage 
and by adding dihedral. Again, rather than 
introducing unfavorable payload volumetric 
distribution, it is felt that yaw rate aug- 
mentation is a more appropriate fix both 
from spiral and dutch roll standporr^. 

(3) Stick Free 

General 

No sticK-free dynamic analysis is provided at this 
time. Since artificial feel is required for an 
all-power-control aircraft such as this, there 
should be no problem with stick-free dynamics. 

Methods of solving the aileron deficiency are: 

(a) Control surface leading edge design 
(b) Added aileron chord 
(c) Nacelle shaping for end plate effect and 

local velocity distribution. 
(d) Segmenting rudder surface and gearing with 

stick. 

Probably the most effective technique will be 
nacelle shaping in the vicinity of the surface, 
both for stall control and authority. 
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Figure 94.  Longitudinal Phugoid Mode Roots with the 
CG Maximum Aft and a Gross Weight of 67,000 Pounds 
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SECTION XI 

TRADE-OFF STUDIES 

I.  DgSIGg POINT I RESCUE AIRCRAFT 

a. Cruise Speed Sensitivity 

Figures 96 and 97 show the results of sizing the 
Design Point I rescue aircraft to fly at various 
cruise speeds. As cruise speed thrust requirements 
increase, installed power (and therefore, bare engine 
weight) increases. As bypass ratio (and therefore, 
fan diameter) increases, so does the extra weight 
associated with the fan and its shroud, along with the 
profile drag of the engine/fan nacelle. 

The optimum bypass ratio for a given design V^ruise 
will be the one which maximizes the ratio of installed 
thrust/installed power, while minimizing specific fuel 
consumption and profile drag. Investigation has shown 
that these factors combine to dictate a reduction in 
bypass ratio with increasing cruise speed. Figure 
96 shows that mid-point gross weight is relatively 
insensitive to varying bypass ratio at a given design 
vCruise w^tllin the narrow band shown. 

Matched power aircraft exhibit an increase in hover 
disc loading with increasing cruise speed. In the 
case of the stowed-tilt-rotor aircraft, however, an 
upper limit on disc loading (W/A = 15 psf) has been 
set in order to maintain reasonably low hover downwash 
velocities. So, although W/A = 10.5 psf for Vcruise = 
350 knots, W/A has been limited to 15 psf at Vcruise >, 
400 knots (See Figure 97). 

To forestall compressibility drag rise, wing thickness 
has been reduced with increasing Vcruise and "peaky" 
airfoil sections employed. 

b. Dash Speed and Altitude Sensitivity 

The effect of varying the dash speed and altitude of 
the Design Point I aircraft is illustrated in Figure 
98. All aircraft represented by the plot have engines 
sized by the requirement for a 400 kt cruise at 25,000 
feet. So, any sensitivity to variation of dash speed 
and altitude is caused by variations in power settings 
(and, therefore, fuel flows) at the various dash 
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conditions. For example,  at a given dash speed, the 
power required decreases as dash altitude increases, 
hence a reduction in fuel consumption (and gross 
weight). 

c. Mission Radius Sensitivity 

Figure 99 illustrates the effect of sizing the 
Design Point I aircraft at various mission radii. As 
mission radius increases, cruise fuel weight and gross 
weight increase. 

d. Payload and Hover Time Sensitivity 

Figures 100 and 101 show the effects of varying, 
respectively, the payload weights and mid-point hover 
times of the Design Point I aircraft. All aircraft 
represented in the Figures have engines sized by the 
400 let cruise requirement. 

e* Hover Altitude and Temperature Sensitivity 

The Design Point I aircraft has a design hover condi- 
tion of 6,000 feet at 95° Fahrenheit. So, any less 
stringent variation in hover conditions will have no 
effect on engine sizing, it would only cause slight 
changes in the amount of hover fuel required. The 
actual sensitivities are: 

(1) 100 lb mid-point gross weight/1000 ft of altitude 

(2) 120 lb mid-point gross weight/100 Fahrenheit 

f. Aerial Refueling Sensitivity 

The Design Point I mission does not allow aerial re- 
fueling. If this requirement is relaxed and the 
aircraft resized, it is possible to effect a consider- 
able saving in weight. In such a case, the refueling 
point is assumed to be at the end of the inbound 350 
knot dash; this allows refueling at a safe distance from 
any hostile environment. Assuming the present return 
leg reserves 5 percent of the mission fuel plus 30 
minutes at the best endurance speed, at sea level 
before refueling, the midpoint gross weight would be 
reduced by approximately 14,000 pounds. 
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2.  DESK» POINT IV TRANSPORT AIRCRAFT 

a. Cruise Speed Sensitivity 

A study was done to determine the sensitivity of the 
design gross weight to variation of the design cruise 
speed capability. Horsepower installed per pound of 
gross weight was calculated for various cruise speeds 
over a range of altitudes, as a function of by-pass 
ratio. Also, matched power points in hover and cruise 
were provided by obtaining the fuel flow per pound of 
gross weight and the disc loading in hover flight, at 
2S00 feet, 93° Fahrenheit, IGE. An evaluation of the 
results indicated the cruise altitude and disc loading 
for each design cruise speed which would yield the 
lowest design gross weight. Front this it was deter- 
mined that 10,000 feet was the near-optimum altitude 
over the range of speeds considered, when the weight 
advantage of a non-pressurized fuselage was included. 
A combination of power installed and specific fuel flow 
variations, taken together within the mission profile, 
determined the optimum by-pass ratio. The optimum disc 
loading was used wherever its value was less than the 
16.0 psf that was established for the design point 
transport aircraft. 

Figure 102 shows the resultant sensitivity of gross 
weight to sizing at various cruise speeds. A small 
increment in gross weight is noted when the mission 
cruise and dash speeds are allowed to increase to take 
advantage of the full capability of the installed power. 

b. Dash Speed and Altitude Sensitivity 

Sensitivity of design gross weight to aircraft sizing 
at various dash speeds and altitudes is presented in 
Figure 103.  The engine is sized by the cruise or dash 
speed in all cases.  Since the dash at 350 knots at 
3000 feet (the design point) is nearly a power match 
in cruise and hover flight, a lower dash speed decreases 
the gross weight iteratively.. and the cruise at 350 
knots at 10,000 feet becomes critical in the sizing 
process. The gross weight is reduced and power avail- 
able for hover flight at 2500 feet, 93° Fahrenheit, is 
greater than that required. 

As the dash altitude increases, the drag in the dash 
portion of the mission decreases. The fuel required 
for dash decreases. Gross weight, and consequently, 
installed power decrease, thus creating a trend of de- 
creasing gross weight with increasing dash altitude. 
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As the speed of the dash segment increasesr the air- 
craft drag increases. Power installed and fuel required 
in dash increase. Cruise at 350 knots at 10,000 feet 
is critical in sizing to the matched power point (de- 
sign point). Dash speeds above 350 knots become the 
critical factor in engine sizing# and the gross weight 
increase is an iterative result of increase in engine 
size and fuel required. 

The apparent abrupt increase in gross weight with dash 
speed beyond the design point is due to the departure 
from quasi-constant power sizing at dash speeds below 
350 knots and the ever-increasing power sizing required 
beyond the design point dash speed. 

c. Mission Radius Sensitivity 

Figure 104 shows the sensitivity of significant para- 
meters to the variation in mission radius. The figure 
is almost self-explanatory. As the mission radius is 
incremented, the amount of fuel required changes. This 
change alters the weight throughout the mission and 
therefore, the power installed requirements in all 
segments of the mission are changed. With constant 
wing loading and disc loading, component sizes are 
changed. Drag is changed. The result is an iterative 
sizing process until the gross weight, power installed, 
drag, and fuel quantity are again matched. The curve- 
slope-rate change is indicative of this process. 

d. Design Payload Sensitivity 

Figure 105 shows the sensitivity of significant para- 
meters to the variation in design payload. The incre- 
ment in payload is analogous to the initial increment 
in fuel weight in c. above. However, the payload 
increment itself is not subject to iteration as was 
the initial fuel increment. The slope rate change is 
noticeably less. 

e. Mission Hover Time Sensitivity 

Figure 106 shows the sensitivity of significant para- 
meters to the variation in hover time during the mission. 
The increment in mission time was varied proportionally 
to the initial time of the hover phases within the 
specified mission. As the hover time is increased, 
the amount of fuel required to hover is increased. The 
power required to hover (under the same conditions and 
efficiencies) is increased. The iterative process is 
now analogous to that described in c. 
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f• Hover Altitude and Temperature Sensitivity 

Figure 107 shows the sensitivity of the design gross 
weight to hover altitude and temperature. At points 
below the dashed line the engines are cruise sized at 
the design-point dash criteria of 350 knots (TAS) at 
3000 feet, 95° Fahrenheit. Hover flight at design point 
conditions will then be possible at reduced power and 
fuel flow. The reduction in fuel required in hover 
causes the noted small reduction in the iterated gross 
weight. Above the dashed line, the engines cure sized 
for hover flight.  In addition to the increase in power 
and fuel flow; the rotors, drive system, controls, and 
supporting structure have entered the iterative cycle 
and the design gross weight increases rapidly. 

i 
11 
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II 

SECTION XII 

HEIGHT PREDICTION METHODOLOGY 

II . This section is in two parts, the  first part presents tne 
basic weight trend vethodology, the increments used for 
special features, and the 1976 technology reduction factors 
used to justify the weights of the baseline aircraft. The 

F{ second part describes the advanced technology that may 
reasonably be expected to  apply to aircraft introduced into 
service in 1976 and in 1980. Height reduction factors are 
projected from early 1970 through 1980. 

1«  WEIGHT JUSTIFICATION FOR BASELUE AIRCRAFT (1976 IOC) 

a. Rotor Group (4,936 Pounds) 

The rotor group trend equation is: 

WRG » 2 W  + spinner (4) 

= Ca (k)0*67 (5) 

=  (r) 

% 

,0.25   (HP  X  l.l)0,5 VT X  l'1     oh2 (6) 
—urn—    ~~m— Tir 

where    r  =  blade attach point (ft) = 1,42 
HP =  Design horsepower/rotor 

(hp) = 6300 
V<r =  Design tip speed (fps) = f70 
p  =  Solidity = 0.100 
A  =  Disc area (sq ft) = 1,900 
D  =  Diameter (ft) = 49.2 
C  =  Rotor group coefficient = 14.2 

=  Adjusting factor - =1.2 
blade fold penalty 

a 

i 

Figure 108 is the rotor group weight trend curve. For 
the stowed-tiIt-rotor configuration the rotor trend 
coefficient of 14.2 reflects a four-bladed rotor with 
a titanium hub and S-glass blades.  (The coefficient 
for a similar three-bladed rotor would be 13.5.) 

The stowed-tilt-rotor blade fold penalty is 20 percent 
of the total rotor and blade weight. Direct compari- 
son and/or projection from existing designs like the 
CH-53A or the CH-46 is difficult due to the differ- 
ences in design and design criteria. Specifically, the 
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Figure 108.  Rotor Group Weight Trend. 
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CH-46 and the CH-33A blade-fold mechanitias consist of 
external hydraulic cylinders m&uuited on a one-to-one 
basis with each blade. The stowed-t.lt-ro'cr design 
consists of an internal (inside the hub) rotary 
actuator which is linked to all four blides through 
push-pull rods and universal joints (See Volume II, 
Section VI for a more complete description). This 
latter is a much more compact design which has the 
capability of sxerting high forces (233,000 in.-lb 
ultimate torque and 21,500 pounds ultimate tension 
per blade), The 20-percent weight penalty physically 
reflects the stowed-tiIt-rotor design and is also a 
measure of what a reasonable weight penalty should ) e 
for the given design criteria. In fact, preliminary 
weight calculations show that the blade fold mechanism, 
linkages, and locking mechanism (blades deployed) 
weighs very close to the 20-percent penalty allotted. 

The weight of the rot^r group iss 

Weight of Rotor Group 

Pounds 

2,440 

Weight of Spinner (per Aircraft)   300 

Total 1969 Rotor Group 5,180 

For 1976 the only weight improvements considered are 
in the blade weight, which is reduced 10 percent to 
account for improved and refined design, boron/epoxy 
in lieu of S-glass and improved resin strength. The 
blade weight for the stowed-tilt-rotor configuration 
is equivalent to 50 percent rotor group weight. 
Therefore, the 1976 rotor group weight is: 

Pounds 

Hub and Fold 
Blades (1976) 

2,440 
2,196 

Current Blades 
1976 reduction 

2,440 
.90 

Spinner 300 

Total 1976 rotor group 4,936 
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b. Wing Group 

(1) Justification I 

K 

Wing weights are derived from the following 
equation: 

Ww « 220a(k)0-585 (7) 

where: 

where  Ww = Weight of wing (lb) 

S  = Planfoitn area of wing (sq ft) 
(taken from JZ of aircraft) 

b  = Wing span (ft) 

B =   Maximum fuselage width 
(rescue ship) (ft) 

x = Taper ratio 

N = ultimate load factor 

VD = Dive velocity (kn) 

AR = Aspect ratio 

kr = Wing root thickness divided by 
root chord 

Wx = Gross weight less tip pod and   = 52,142 
contents (lb) 

% = Relief term « 1.0 

a  = Adjusting factor = 1 

The equation shown above and previously in 
Figure 109 was derived for a conventional wing 
designed by airloads resulting from forward 
flight, whereas the stowed-tilt-rotor configura- 
tion wing design requirements stem from vertical 
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flight and from transition nodes. However, since 
the term N% Wx" is a parameter which indicates 
the magnitude of the resultant wing shear and 
bending loads, relative to the location of the 
semi-span center-of-lift in forward flight, the 
above wing weight equation can still be used 
for the stowed-tilt-rotor configuration wing if 
"% Wx" is reinterpreted by locating the center- 
of-lift at the thrust line of the rotor. Then Wx 
is defined as; 

Wx = Gross weight less the weight of the 
tip pods and contents « 52,142 
pounds 

and 

^ - 1.0 

*n addition, a penalty of one percent of gross 
weight is taken in the wing group to account for 
the wing tip pod attachments. The weight of 
the wing group is: 

Pounds 

(2) 

Weight of Wing 6,060 

Tip Attachments 670 

Total 1969 Wing Group 6,730 

1976 Reduction 0.85 

Total 1976 Wing Group 5,710 

Justification Method II 

The 1969 wing weight of 6,060 pounds (less tip 
attachment) is further verified by the "simpli- 
fied bending moment" method. This method 
derives the weight of the wing torque box to which 
is added the estimated weights of the leading 
and trailing edges (moving surfaces) and tip 
fitting for total wing group weight. The method 
is as follows: 
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«Torque box *  <*> ^ (kl> ^ ^ 

where EV » Material volume of box 
required due to bending 

p  « Density aluminuin - 0.10 

k^ = Fatigue factor = 1.10 

k2 = Shear and bending factor   = 1,38 

kß = Non-optimum, rib, fitting  = 1.67 
factor 

EV is determined by using the bending moment 
curve shown in Figure 110 and correcting for the 
high shear and torsional loads at the tip. The 
resultant torque box weight is 4,900 pounds. 

Then: 

Pounds 

Torque Box 4,900 

Leading and Trailing Edges 1,100 

Leading Edge (including 
moving surfaces) 115 square 
feet x 4 psf 460 

Trailing Edge (including 
moving surfaces) 220 square 
feet x 3.75 psf 825 

Total 1,285 
Composite delta 0.85 

1,100 

Total 1969 Wing Weight 6,000 

The wing weight by this method is 6,000 pounds 
which compares with 6,060 pounds from the first 
method. 

(3)  Justification Method IT.I 

The third method of wing weight justification is 
a "rough" weight calculation of the wing from 
preliminary drawings. The torque-box spar 
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caps» stringers, webs, and skins of these draw- 
irgs have been stressec-checked to available 
leads. Figure 111 shows the resultant pound/ 
spcaiwise inch-plot of this torque box and 
incudes the items mentioned above. This 
"stiessed" weight is 3.826 pounds which does not 
include ribs, major splices, cut-outs or hardware. 
The following itemizes the remainder of the wing: 

Pounds 

Torque box 3,826 

Ribs 455 

Splice (wing station 150) 250 

Hardware (10 percent TB) 382 

Total weight 4,913 

Leading and trailing edges 1,100 

Total wing weight 6,013 

In summary, the first method yields a total 1969 
wing group weight of 6,730 pounds; the second, 
6,670 pounds; and the third, 6,683 pounds. 

c. Tail Group 

The tail group weights are derived from the following 
trends: 

(1) Horizontal Tail 

WHT = 360(K)0-54 (8) 

where 

K 

and 

F ■(SÄM(. 
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(2) Vertical Tail 

W, VT 380 (K) 0.54 (9) 

where 

where: 

W« = 

b 

S 

F 

VD  - 

TMA = 

t 

a  = 

H 

V 

kTL = 

K = 

and 

Horizontal Vertical 

Design gross weight (lb) 

Pitch ratius of gyration (ft) 

Yaw radius of gyration (ft) 

Tail span (ft) 

v^^y n.+i*  (chord at tip) 
Taper ratio (ch0rd at root) 

Planform area (sq ft) 

Tail load parameter 

Dive velocity (kn) 

Tall moment arm (measured from wing 
1/4 chord to tail 1/4 chord) (ft) 

Root thickness (ft) 

Height of horizontal tail attach- 
ment to vertical tail (measured from 
root of vertical tail) (ft) 

Subscript H denotes horizontal tail 

Subscript v denotes vertical tail 

Tail load factor 
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67,000 

10.8 

17.0 

28.2 12.4 

0.33 0.535 

199 154 

457 457 

34.5 26.0 

1.59 2.26 
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Figures 112 and 113 show the horizontal and 
vertical tail trends with the 1969 weights 
plotted. The following chart shows the results 
of the calculation: 

Weight in Pounds 
Item Horizontal Vertical Total 

Total 1969 Tail Group    584      584    1168 

1976 Reduction 

TOTAL 1976 Tail Group    491     491     982 

d. Body Group (Transport-5,980 lbs; Rescue-3,250 lös) 

(1) Body 

The weight of the primary body group structure is 
determined from the following equation: 

584 584 

0.85 0.85 

491 491 

WBBG = 280 k0#5 (10) ^0.5 

where 

(AP + I)0*2 Nk 

Rescue Transport 

where  WOBC !SS Weight of primary structure 

Ux  « Weight of fuselage and     22,967  26,341 
contents (including 
empennage) (lb) 

Sf  = Wetted area of fuselage    1,300   1,761 
(sq ft) 

Lf  = Length of fuselage (ft) 

L-j. * Length of rampwell (ft) 

V- ~    Dive valocity (kn) 

AP  as Limit differential cabin 
pressure 

N   = Ultimate load factor 

k   = Load density versus length 
ration 
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To the weight of the primary structure increments 
are then added in the weights for the floors, ramps, 
doors, etc. Figure 114 rhows the primary structure 
trend with the 1969 body weight plotted. Table XXX 
shows the details of the body group calculation, 
including the cargo loading system. 

TABLE XXX.  RESULTS OF CALCULATIONS AND DENSITIES 
USED FOR SECONDARY STRUCTURE 

:i 

Dem.ity 
(psf) 

Transport 
Area  Weight 
(sq ft)  (lb) 

Rescue 

Item 
Area 
(sq ft) 

Weight 
(lb) 

Primary structure 2,670 2,500 

Floors: Rescue 
Transport 

2.0 
4.5 232 1,040 

100 POO 

Plight dack 1.5 26 40 34 51 

Ramp 8.0 65 520 - - 

Ramp extensions 6.0 13 78 - - 

Clamshell doors 4.5 150 675 35 156 

Doors 5.0 31 155 31 155 

Windshield 175 350* 

Windows 200 200 

Radome 100 100 

Miscellaneous (10 
percent) 

298 121 

Total 1969 Body Group 5,951 3,833 

1976 Reduction 0.85 0.85 

Total 1976 Body Weight 5,060 3,250 

463L Loading System 920 - 

Total 1976 Body Group 5,980 3,250 

♦Bubble Type Canopy 
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(2) Cargo Loading 

The 463L cargo loading system is based on informa- 
tion received from Brooks and Perkin Company for 
a proposed 4631. cargo loading system for the CE-47 
{Table XXXI). 

TABLE XXXI. 

Item 

463L CARGO LOADING SYSTEM INFORMATION 
(Brooks and Perkin Company) 

Length        Density 
(ft)  Quantity (Ib-ft) 

CABIN 

Weight 
(lb) 

Side rails 
Roller trays 
Roller assembly 
Teeter rollers 
Pallet Locks 
Master control 
Winch - KCÜ-9JA 
Miscellaneous 

hardware 
Crash barrier net 
Tota1 Cabin 

29       2 1.3 
29       4 1.05 

140 0.5 (lb ea) 

16 6.5 (lb ea) 

76 
122 
70 
8 

104 
8 

289 

34 
100 
811 

RAMP 

Side rails 
Roller trays 
Roller assembly 
Miscellaneous 

hardware 
Total ramp 

10.8     2   1.3 
10.8     4   1.05 

58   0.5 (lb ea) 

28 
46 
29 

6 
109 

Total 463L System Weight 920 

e. Alighting Gear (Rescue: 2,385 pounds; Transport: 
3,195 pounds) 

The weight of the alighting gear is determined by 
taking a percentage of design gross weight. For the 
rescue aircraft which has a tandem wheel arrangement, 
this percentage is 3.6 percent, typical of vertical 
takeoff and landing aircraft. For the transport, the 
landing gear criteria is the same as that of the LIT 
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transport with the exception of the number of landing 
passes which is reduced to 75 from the LIT's 200. 
However, rough field conditions are the critical 
design criteria and no reduction is taken from the LIT 
landing gear percentage of 5.3 percent of design gross 
weight. Table XXXII lists various aircraft and their 
landing gear/gross weight ratios. 

For the sake of commonality, the rescue aircraft will 
share the same nose gear as the transport. The nose 
gear weight is approximately 20 percent of the total 
gear weight. The landing gear weight of the two 
aircraft is therefore: 

Weight in Pounds 
Rescue   Transport 

Gross Weight 67,000     67,000 

Landing Gear Weight        2,425     3,550 

Nose Gear: Transport 710 
Rescue 485 
Increment 225 

Revised 1969 Landing Gear   2,650     3,550 

1976 Reduction 0.90      0.90 

Total 1976 Landing Gear     2,385     3,195 

TABLE XXXII. SUMMARY OF LAFDING GEAR WEIGHT IN PERCENT OF 
GROSS WEIGHT FOR V/STOL AIRCRAFT 

Helicopters 
Gross Weight 
(percent) Airplane 

Gross Weight 
(percent) 

CH-46A 
CH-46D 
CK-46E 
CH-47 
CH-47C 
CH-3C 
CH-53A 
CH-54 
CH-54A 
107-2 
AH-56A 
HH-52A 
HUr-2 
UH-34D 
SH-3A 
H-21C 

3.1 
2.8 
3.1 
3.4 
3.3 
3.4 
2.9 
4.7 
4.7 
3.1 
3.6 
5.9 
3.2 
3.7 
4.2 
3.6 

Bell XV-3 
XC142A 
Bell 266 

DeHavilland* 
DHC-5 
Breguet. 941S* 
DeHavilland* 
DHC 
C130* 
C123 

3.1 
3.2 
3.6 

4.2 
4.5 

5.4 
4.1 
4.3 

♦Rough Field Requirements 
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f. Flight Controls 

Weight of the flight controls is determined by the 
following equations: 

Cockpit 

Upper Controls 

Hydraulics 

Fixed Wing 
Controls 

SAS 

Tilt Mechanism 

The weights are: 

CC 26 (GW) 

10' 

0.41 

W UC ' 0-30 ^total1 

w, M = 25 
/WR totalV0' 84 

W. FM 

W5 

0.10 (GW) 

175 

0.015 (GW) 

(11) 

(12) 

(13) 

(14) 

Item 

Cockpit 

Upper Controls 

Hydraulics 

Fixed Wing 

SAS 

Tilt Mechanism 

Total 

1969 
Weight 1976 
(lb)  Reduction 

0.75* 

0.90 

0.75* 

0.75* 

0.75* 

137 

1,500 

667 

670 

175 

1,050 

4,199 

(*Fly-by-wire) 

Engine Section (1,250 pounds) 

The engine-section fairing is in three sections; an 
engine fairing (inner pod), a fan shroud, and an 
extended fan shroud (outer pod). The extended fan 
shroud is a drag-reducing fairing which runs aft of 
the fan section to the end of the engine section. 

1976 Total 
Weight 
(lb) 

103 

1,350 

500 

502 

131 

1,050 

3,636 
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Weight of the engine fairing and the extended fan 
shroud is contained in this section. The weight of 
the fan shroud proper is included with the fan 
installation. 

Item 

Engine Pairing 

Extended Fan Shroud 

Total 1969 Engine Section 

1976 Reduction 

Total 1&76 Engine Section 

h. Tip Pod (1,811 Pounds) 

The tip pod weight is determined in a similar manner 
to the engine section. However, the area density for 
the tilting section of the tip poo is 4 psf. This 
density includes both the surface fairing and the trans« 
mission support structure. It is determined from in- 
house studies of similar type tilting rotor nacelles. 

Area 
(sq ft) Qty 

Density 
(psf) 

Weight 
(lb) 

123 2 2.25 554 

203 2 2.25 916 

1,470 

0.85 

1,250 

Item 

Unit 
Area 
(sq ft) Qty 

Density 
(psf) 

Total 
Weight 
(lb) 

Tilting Section 137 2 4 1,100 

Fixed Section 257 2 2 1,030 

Total 1969 Weight 2,130 

1976 Reduction 0.85 

Total 1976 Weight 1,811 

i. Engines (4) (2,134 Pounds) 

Engine weight is determined from statistical engine 
cycle data. The weight of a variable exhaust nozzle 
is included in the engine weight. 

Pounds 

Total 1969 Engine Weight    2,510 

1976 Reduction 0.85 

Total 1976 Engine Weight    2,134 
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j. Engine Accessories (596 Pounds) 

The 1969 engine accessories weight is taken as 25 
percent of engine weight. This is distributed as: 

Pounds 

Air Induction (including FOS) 360 
Cooling (drain lines) 15 
Lubricants 30 
Engine controls 85 
Starting System 148 

Total 1969 accessories 638 

For 1976, the engine controls are reduced 50 percent 
for fly-by-wire. 

Total 1976 accessories      596 

*• Fuel System (2,439 Pounds) 

The weight of the fuel system (3490 gallon capacity) is 
taken as 0.775 pound/gallon of fuel. This includes 
nitrogen gas inerting, plumbing, pumps, and 100-percent 
.50-caliber self-sealing. 

Total 1969 Fuel System Pounds 

3490 gallon x 0.775 pound/gallon 2,620 

1976 Reduction 0.85 

Total 1976 Fuel System 2,489 

1. Drive System (4,485 Pounds) 

The weight of the drive system is determined by 
estimating each individual gear section, such as a 
bull gear or planetary set, and then adding in required 
penalties. The weight of the individual gear sections 
is derived from the following equation: 

w= iso/^Xo.S (15) 
BoX     \NSB / 

where WB   = Weight of the individual gear (pounds) 

Q    = Non-dimensional weight factor-for gear 
set or planetary stage 

P    = Design horsepower 
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A 

N 

S 

Function (or use) factor 

Gear box support factor 

Rpm 

Hertz stress factor 

Bearing support factor 

The parameters used in this trend have been adjusted so 
that the resultant estimated weight accurately reflects 
the helijet drive system configuration. Adjustment of 
the parameters is based on previous tilt rotor/nacelle 
drive system studies and on the stowed-tiIt-rotor 
configuration drawings themselves. Figure 115 shows 
the trend and the following chart summarizes the weight 
of the drive system and penalties. 

o 

Unit Total 

Item 
Weight 
(lb) Qty 

Weight 
(lb) 

Wing bevel gear tox 271 2 543 

Wing tip gear box 283 2 566 

Main gear box 1,503 2 3,006 

spur set 
1st stage planet 
2nd stage 

244 
233 
991 

accessories 35 

Lubrication 517 

Shafting 

tip pod 
wing 

57 2 115 
400 

Main bearing housing 

Rotor brake 

Total 1969 drive system 

19"'S Reduction 

Total 1976 Drive System 

250 

50 

5,447 

0.825 

4,485 
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m. Fan Installation (2,284 Pounds) 

The  fan installation includes the cruise fan, the fan 
shroud« and the fan drive system. The basic «eight of 
the fan is derived from manufacturer's data and 
represents a typical netal-bladed cruise fan. This 
weight is reduced 25 percent to represent early 1970 
advanced technology (such as Solls-Royce Hyfilil in the 
fan blades and inlet guide vanes. A weight, gas 
generator airflow, and bypass ratio "carpet-plot" is 
shown in Figure 116. The fan drive system is derived 
by the same methods as the rotor drive system. Weights 
are itemized below: 

Fern and Fan Shroud Pounds 

Light alloy fan and shroud (2) 
Currant composite technology 
Total early 1970 fan weight 
1976 Reduction 

870 
0.75 
652 
0.85 

Total 1976 Fan Weight 574 

FAN DRIVE SYSTEM WEIGHTS 

Unit Total 
Item (lb) Qty W. 

Combining box 
engine input (2) 
bull gear 

114 
115 

856 2 1,712 

star planetary 
bevel output 

222 
261 

accessories 35 
fan jaw clutch 56 
rotor jaw clutch 53 

Lubrication 174 

Shafting 
pylon 
engine (2) 

46 
48 

94 2 188 

Total 1969 fan drive 2,074 

1976 reduction 0.825 

Total 1976 Fan Drive 1,710 

Total 1976 Fan and Shroud S74 

Total 1976 Fan Installation 2,284 
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n. Fixed Equipment (Rescue: 6y960 pounds. Transport: 
._  ^ ^ 4,678 pounds) 

The fixed equipment weights for the baseline aircraft 
are distributed and itemized in Table XXXIII. 

With the exception of the transport, these fixed equip- 
ment «eights are unchanged from the midterm. The 
transport furnishings group has been increased by 318 
pounds to account for 44 troop seats. 

Fixed equipment will be revised in the nest phase. 

2.  ADVANCED TECHNOLOGY 

The field of advanced materials and structures technology 
has advance! more rapidly than envisioned five or ten 
years ago. There has been an increasing demand for new 
materials with higher strength-to-weight ratios, higher 
temperature capability, increased corrosion resistance, and 
improved fatigue properties. References 8 through 11 were 
used in this advanced technology assessment. 

a. Metals 

However, the search for improved metals has not resulted 
in any quantum jumps in metal properties. Through the 
past decade aircraft metals have exhibited a slow 
evolutionary development and while dramatic new 
improvements (e.g., 500 ksi UTS steel has been attained 
in the laboratory) have been made. It is likely that 
the metals as used in aerospace will continue in the 
same evolutionary manner as illustrated in Figures 
117, 118, 119, and 120. 

b. Processes 

New processes and manufacturing techniques have also 
been developed. These include new alloy treatments for 
increased hardness (gear teeth) and better welds, high 
energy-rate forgings (large, almost perfect net 
forging dimensions), solid-state diffusion bonding 
coupled with improved bond/weld testing techniques 
(elimination of splices, seams, material buildup, 
and hardware), and advanced adhesives (few rivets, 
bolts, less material buildup). 

c. Composites 

While metals have evolved on an evolutionary basis, in 
the field of composites we are on the threshold of a 
radical breakthrough „n structural design and weight 
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TABLE XXXIIT.  BASELINE AIRCRAFT FIXED EQUIPMENT MEIGHTS 

Rescue Transport 
Item (lb 1 (lb) 

Auxiliary Power Plant 182 182 
Instrumeats and Navigation 400 400 

Flight 80 
Engine 190 
Drive 50 
Hydraulic 25 
Advisory panels 30 
Miscellaneous 25 

Hydraulic 292 292 
Electrical 775 775 

Alternating Current 490 
Direct Current 285 

Electronics 1,500 950 
Communications 135 135 
Countermeasures 55 55 
Ground fire detection 14 14 
LLLTV 338 
Radio Navigation 180 230 
Crash beacon 70 70 
Self-contained navigation 260 260 
Stationkeeping 75 
Terrain radar 260 
Loud hailer 95 
Miscellaneous shelving and 93 111 

installation 
Armament 2,000 50 

Mini-guns 360 
Armor 

crew 500 
aircraft 1 ,140 

Provisions 50 
Furnishings and Equipment 1,152 1,470 

Personal accommodations 310 628 
Miscellaneous equipment 110 110 
Furnishings 517 517 
Emergency 215 215 

Air Conditioning and Anti- 513 519 
Icing 
Air conditioning 225 
Anti-Icing 294 

Auxiliary Gear 140 40 
Aircraft handling 40 40 
Rescue hoist 100 
Capsule hoist 

Total _6Ti960 4,678 
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improvements, particularly in conjunction with the 
development of manufacturing techniques such as 
automatic tape lay-up machines. A brief material 
property sunmary is shown in Table XXXIV, which 
compares a few of the advanced alloys, composites, 
and present materials that are now available. 

Structural design and manufacturing with the composites 
has numerous problems, most of them being associated 
with the composite being physically and structurally 
two-dimensional. (Tape shape and basic load-carrying 
direction is that of the filament axial alignment.) 
Despite these problems, substantial effort is going 
into integration of these composite tapes into 
structural design. Table XXXV summarizes some of 
the current aerospace investigations into composites. 

d. Metal Matrices 

Further down the path of general aerospace application, 
but also of the greatest promise in terms of improved 
strengths, are the metal matrix filament reinforced 
composites otherwise known as "whisker" matrices. 
These "whisker" matrices are vastly superior to the 
current resin matrix composites for the following 
reasons: 

(1) The metal matrix is capable of protecting the 
enclosed filaments from hostile environment such 
as corrosion or high temperature, whereas the 
resin matrix is not. 

(2) Due to the plastic flow of metal, the metal matrix 
is superior to the resin in transferring lead to 
the enclosed filaments. 

As a result, usable values approaching what is termed 
the "theoretical maximum" strength of the filaments may 
be obtained. A comparison of these "theoretical 
maximum" and current strength values is shown in 
Figure 121. Unfortunately, "whisker" matrices are 
basically still in the laboratory stage although some 
limited use is being found in turbine blades (Pratt 
and Whitney Aircraft). However, the great potential 
involved would indicate that "whisker" matrices would 
be in some sort of general use by 1980. 

3.  WEIGHT IMPROVEMENT 

With respect to the above discussion it is possible to 
assert specifi ; weight reduction values through the 
next decade. 
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TABLE XXXV.  SUMMARY OF SOME CURRENT AEROSPACE COMPOSITE 
WEIGHT INVESTIGATIONS 

Company Component Aircraft Description 

Weight 
Saving 
(Percent) 

Boeing 
(Conunercial) 

Floor Beam 

Foreflap 

Spoiler 

707 
747 

707 

737 

Caps: Boron/Titanium Sandwich 
Webs: Titan Skin/Aluminum 

Honeycomb 
Boron/Epoxy Skins, Aluminum 
Honeycomb Titanium Fittings 
Boron/Epoxy X-Ply Skins, 
Aluminum Honeycomb, Titanium 
Spar Moulded Boron Fittings 

40 
34 

25 

37 

Lockheed Slat C5A Boron, Aluminum, Fiberglass 20 

McDonnell Rudder F-4 Boron/Epoxy NA 

Gen Dynamics Horizontal 
Stabilizer 

P-Ul Boron/Epoxy, Honeycomb 30 

Convair Bulkhead F-106 Aluminum/Boron Caps Over 
Titanium Carrier 

43 

Pratt and 
Whitney 

Turbine 
Blade 

JT-8D 
Ene 

Boron Whisker/Aluminum Matrix 
Coated with Silicon Carbide 

38 

BAC Aileron 
Actuator 
Strut 

VC-10 Carbon Filament 33 

Boeing Vertol Cockpit 
Structure 

Fuselage 
Structure 

CH-47A 

CH-4S 

CH-47 

Boron Epoxy 

Boron Epoxy 

Boron Epoxy 

29-39 

29-39 

11 

Boeing 
(Conunercial) 

Body 747 Boron Epoxy 7 

Grumman Wing 
Torque 
Box 

F-14 Boron/Epoxy Skins on Honeycomb 
Core Titanium Spars 

30 

North American 
Rockwell 

Structure, 
Props, 
Landing 
Gear 
Components 

OV-10A Boron Epoxy 16 
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NONMETALS 1 METALS 1 

NOTE: 

The THEORY AND PERFORMANCE of the materials are contrasted, 
Each set of bars shows, from left to right, the 
theoretical strength of the material, the strength 
achieved experimentally with fibers, and the highest 
observed strength of large pieces of the material. 
In the case of aluminum, the middle bar refers to the 
strength achieved with aluminum wire. 

Figure 121. Comparison of Theoretical and Actual Tensile 
Strength of Materials. 
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a. Airframe 

Reductions in airframe structural weight will apply to 
the stowed-tilt-rotor wing, tail, body, engine section 
and tip pod. The starting point of a 1970-1980 weight 
reduction projection is represented by the existing 
component studies as summarized in Table XXXV. These 
studies generally represent "substitution" techniques; 
i.e., the structural design and manufacturing remains 
essentially of conventional nature except that boron/ 
epoxy replaces aluminum metal. A group weight reduction 
value of 10 percent can be initially placed on this 
type of composite usage. 

For 1976, an accumulative reduction value of 15 per- 
cent may be used. This will be meant to include 
advanced designs and manufacturing methods (small- 
scale automatic tape layup machines) more compatible 
with the physical properties of the filament/resin 
composite. 

By 1980, maximum integration of design concept and 
manufacturing equipment is likely to be the deciding 
factor. This includes large scale tape layup machines 
and design concepts that are of the maximum compati- 
bility with the filament/resin composites. Designs 
will include semi-integral and integral frames and 
ribs. The composites themselves will be substantially 
stronger than present composites due to improved 
resin properties. An  evolutionary 20-percent reduction 
factor will be used for this time period. 

b. Dynamic Structures 

During the next decade the materials most directly 
applicable to weight improvements in gears, rotor hubs, 
and landing gear struts are improved alloys such as 
D6AC steel and Ti-6AL-6V-25N titanium. Advanced 
materials such as moulded boron/epoxy can be utilized 
in gear box housings, while laminated boron/epoxy 
is already being applied to rotor blades. 

(1) Drive Systems 

In the gear boxes, improved steels (such as 
VASCO X2), will allow a projected increased Hertz 
stress of 19 percent. This is equivalent to a 
theoretical 14 percent decrease in gear box 
weight. Moulded boron/epoxy gear box housings, 
proven fluorosilicon lubricants (Figure 122), 
higher gear contact ratios and improved gear tooth 
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Figure 122. Projected Design Usefulness of Lubricants. 
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forms will all combine for a total drive system 
reduction of 17.5 percent in 1976. In 1980 
nitrided D6AC (currently used in ball screw 
actuator gear boxes - Hertz stress value at 
350,000 psi) will be applicable in large gear 
boxes. Assuming the Hertz stress taken is 
300,000 psi the equivalent weight reduction is 25 
percent. A total evolutionary value of 22.5 
percent will be used for the 1980 time period. 

(2) Rotor Group 

The proposed stowed-tilt-rotor designs include the 
use of titanium in the rotor hub and S-glass/epoxy 
in the rotor blades. For 1976 the only proposed 
weight reduction is the use of improved resins, 
boron in lieu of S-glass, and filament reinforced 
root-end fittings to decrease the rotor group 
blade weight a total of 10 percent. For 1980, 
improved higher strength titanium will reduce the 
hub weight 10 percent. Refined design and still 
better resins will reduce blade weight an addi- 
tional 5 percent from 1976. 

(3) Alighting Gear 

For the landing gear the use of high strength steel 
such as D6AC will affect approximately 30 percent 
of the landing gear group. This will result in a 
10 percent decrease in group weight for 1976. 
For 1980 the alighting gear is considered a prime 
area for ratal matrix application. An additional 
5 percent reduction over 1976 will be taken. 

c. Propulsion Systems 

Powerplant power and thrust-to-weight ratios will con- 
tinue to improve due to higher turbine inlet tempera- 
tures and higher bypass ratios (Figures 123 and 124). 
More important will be the continuing development of 
advanced fan and compressor blade materials such as 
Rolls-Royce's present "Hyfill" or Pratt and Whitney's 
boron "whisker'Valuminum matrix material. As a result 
of these current efforts, propulsion studies project 
a total power-to-weight-ratio improvement of 22 
percent for 1976. A more conservative value of 15 
percent weight reduction will be taken for the 
proposed stowed-tilt-rotor in both engines and fan. 
In 1980, the power-to-weight-ratio improvement is 32 
percent. A weight reduction value of 25 percent will 
be taken for this later time. 
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d. Subsysteaia 

(1) Flight Controls and Engine Controls 

The flight controls and engine controls groups 
offer promising areas for weight improvements with 
the utilization of "fly-by-wire*. Previously, 
confidence in "fly-by-wire" system reliability 
was the main deterent to such installations since 
effective and reliable transducers and "black 
boxes" were not attainable. However, the 
increasing use (Figure 125) of integrated circuits, 
together with their decreasing costs, makes "fly- 
by-wire" electronic reliability easily attainable, 
(Figures 126, 127 and 128). Also, the low 
weight of integrated circuit design makes dupli- 
cation or triplication of key components more 
and more feasible. A recent (June 1967) study by 
the Air Force* of the B-52H, F-lll, and the CH-46 
indicates an average 50-percent saving in pitch, 
yaw, and roll subsystems. For conservatism a 
weight reduction of 25 percent will be taken for 
the proposed stowed-tilt-rotor baseline aircraft. 
This only pertains to point-to-point flight 
control linkages, but includes complete use of 
electronics for flight data inputs, summing, and 
outputs. Redundant installations are also 
included. 

In the upper controls, advanced materials will be 
assumed to produce a 10-percent reduction in 
component weight. 

e. Instruments - Electrical and Electronic 

Improved and advanced design of integrated circuits 
will all yield significant weight volume and power 
improvements in these groups. At the same time the 
military trend of increasing requirements for more 
cockpit displays, built-in test equipment, higher 
reliability, easier maintenance and increasing func- 
tional capability. Figure 129, will tend to negate 
actual weight improvements. Accordingly, while actual 
component weight decreases are expected, no group 
weight reductions are projected for 1976 or 1980. 

| ' *"Fly-by-wire techniques"; Miller, EM Finger, TR AFFDL-TR- 
I 67-53, July 1967. 
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4.  CONCLUSIONS 

The weight savings available to the above described 
advanced technology are considered to be realistic for 
1976 IOC. It will be noted that the development costs 
of material and tooling was not considered in making 
the advanced technology appraisal, whereas in actuality 
cost will be a major factor in the evaluation of the 
next decade's technology. However, the cost argument 
may be countered with an awareness that aerospace manu- 
facturers are already pressing forward structural designs 
with advanced material. The  best example of this is the 
fact that the most advanced air superiority aircraft to 
date, the Grumman F-14, is proceeding into the production 
stage with a boron composite wing. Grumman also has a 

f conventional metal wing as a "backup" design, but never- 
1 theless, this example demonstrates the ready willingness 

of aerospace to go into major components with new materials, 
This willingness is a major indication of the fact of 
significant weight reductions with advanced technology. 
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SECTION XIII 

TECHNOLOGY TRADE-OFFS 

1. DBIONSTRATOR AIRCRAFT WITH SEPARATE LIFT AND CRUISE 
,              POWERPLANTS 

A production version of a stowed-tiIt-rotor aircraft is 
| likely to be preceded by a concept demonstrator. A brief 

study has been made of a version of the baseline rescue 
aircraft with no advanced airframe, materials, or propulsion 
technology concepts. The resulting aircraft is shown in 
Figure 130 and a weight summary is given in Table XXXVI. 
The rotor, wing, tail, body, alighting gear, flight controls 
and tip-pod groups are identical with the 1969 weights for 
the baseline rescue aircraft. Fixed equipment is also 
identical, except all of the armament and 1,000 pounds of 
electronics equipment is removed. The convertible turbofan 
units have been replaced with two turboshaft engines; 
cruise turbofan engines have been added on the aft fuselage. 
Although the two turboshaft engines replace four gas gener- 
ators in the baseline aircraft, the demonstrator is still 
able to hover at sea level 90 degrees Fahrenheit, which is 
considered adequate for a demonstrator aircraft. With a 
test crew of two pilots and two flight test engineers the 
aircraft has a useful load of over 18,000 pounds for fuel 
and test instrumentation and equipment. This should be 
entirely adequate for extended test flights. Since the 
shaft engines can be run at idle power setting with the 
output shaft stationary, a normal situation for helicopter 
startup, rotor clutches can be dispensed within the demon- 
strator aircraft. Table XXXVII shows a breakdown of the 
turboshaft and cruise fan installation weights. 

2. ADVANCED TECHNOLOGY FOR 1980 

Table XXXVIII shows the anticipated reductions in weight 
empty for the baseline rescue aircraft if the advanced tech- 
nology, airframes, materials, systems, and propulsion 
improvements discussed in the last section are incorporated. 
The total reduction in weight for a 1980 IOC date aircraft 
is 2,360 pounds.  This would increase the radius capability 
of the aircraft by approximately 160 nautical miles or 
alternatively an aircraft built to the mission requirements 
would have an initial takeoff gross weight of approximately 
59,000 pounds as compared to the 67,000 pounds of the 1976 

, technology aircraft. 

PRECEDING PAGE BUNK 
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TABLE XXXVI.  DEMONSTRATOR AIRCRAFT WEIGHT SUMMARY 

WEIGHT 
(lb) 

1   ROTOR  CROUP 5,180 
1   W\HC,  G-'CUP                                ! 6.73(5 ' 
1   TAIL  GROUP Tflfr8   1                      I 

I                                 'l 

31250    j                      1 !                        ' 

BASIC 

1         SECONDARY i                           ! 1 

1       SECOND.-DOORS.   £TC. 1                           1 i 

ALIGHTING  GEAR J^fiSO 
■ 

i                   iii                  , 

1   FLIGHT   CONTROLS 4ri9q | 
1 .fifis i                   1                   i                  1 

Kp Pod 2.110 
1  PPCHiLSlON  GROUP 16fS22 (                   i                   ,           | 
1       fAGINES^S) 6,958 i             j,                           ,             1 
I       AIR   INDUCTION J300 
1        EXHAUST  SYSTEM 350  1              ,              ; 
1       CC" .lf.G  SYSTEM ™                               1                                          1 
|        Lub.. ;'ATING  SVSTtV so i           i           i                       •           1 
1        rue,.  SYSTEV 2.100 i             ;             .                           ,             1 

ENGINE  COtjTFOLS 150  :                              !                                             1 
1        STARTING  SYSTEV 350   ; i                              1 
1        PROPELLER   INST. 

•DRIVE   SYSTEM 0.224    ^                                            j                                                                   i 
i                                                                                     <                                                                                                                               1 I                                                                                     1                                                                                    '                                          1 

ALX.   PO»ER   PLANT 182 
INSTR.   A&D NAV. 400 11                           ■ 

j                           <             ' 
1   HYCP.   AKD   PNEL. 1        292 
1   ELECTRICAL  GROLP i      775 
1   ELECTRONICS  GHOLP 500 

ARMAMENT  GROUP i 
FifRS.   u  EQUIP.   GROUP 1.152 r                                                ;                                1 

1        PERSON.   ACCOM. 

1        VISC.   EOUIPVENT 

Fi.RlllShlNCS 
!                                  j 

(         EVCPG.   EOUIPVENT !                                   '                                                     1 
AIR  CONC.   ä   DE-ICIM", 

PHOT(J(>RAPHIC 

1        519    j  , _ 
- 1 

A'JXII  1ARY   GEAR 140 :                         ■                                     1 
1  cargo Handling 

480                                                                                          1 

«EIGHT   EMPTY 47.^4    1                     i                      i                      i                     !                      1 
F ixrD  USFFUL   LOAD 935    1                     ! 1               1 

1          CRF* 800    | 1       1 
|         TRAPPED   LIQUIDS !          65    ; 1       1       1 

FNr,l«.F   fill 70    i 

FLEI AND   CARRO lHf T51 
1   CARGO 

PAC^FMCFRS/TRODPS 

r.ROSS   WEIGHT 67,000 

♦Include is Pounds of Trans sraission ( >il 
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TABLE XXXVII.  DEMONSTRATOR AIRCRAFT 
INSTALLATION WEIGHTS 

ENGINE 

Item 

Turboshaft 
Installation 

(lb) 
Cruise Fan 

(lb) 
Total 
(lb) 

Engine Section 765 900 1,665 

Engines 2,570 4,388* 6,958 

Air Induction (FOS)  300 300 

Exhaust 350 350 

Cooling 15 15 30 

Lubricating 30 30 60 

Fuel System 2,000 100** 2,100 

Engine Controls 75 75 150 

Starting 200*** 150 350 

Drive 6,224 6,224 

Total 17,179 6,008 18,187 

*  Spey Jr. 
** Lines Only 
*** Multiple Start 
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TABLE XXXVIII.  BASELINE RESCUE 1980 TECHNOLOGY TRADEOFFS 

ITEM 
BASELINE 

RESCUE 

T                    1                     '   TOTAL     ! 
MRFRAME     SYSTEM   PROPELLER     1980 

REDUCTIOI|REDüCTICM(REDüCTICJREDüCTIOT 
1  RCTO«  GROUP                              \ 4,936 4,570 4,936 4,936 4.570 
1   *!Sir. GROUP                                1 5,710 5,384 5,710 5,710 5.384! 
1   Tftll   GROUP                                 ! 962 935 982 982 935 j 

1    3,250 3,067 3,250 3.250 3.067! 
I       BASIC 1         ; 

SECONDARY i         i         l 
SECOND.-DOORS.   ETC. ■                                 '1 

1  ALIGHTING  GEAR 2.385 2.2«>3 2riH«; 2,3RS 2r253 
1   FLIGHT   CONTROLS 3.636 3.636 3.636 3,636 3,fi1fi , 
1   EM-.IWE   SECTION 1.250 lf176 lr250 l^SO 1,17Ä i 
L Tip Pod 1   lr811 lr704 1,811 1.811 1,704 j 
1   PROPULSION  GROUP [11.983 11.590 11,613 llrfi48 in,pas j 
1        tvGINESlSl 2.134 2.134 2.134 lf883 1,883 
[        AIR    INDUCTION 360 360 360 360 360 
L       IXHAU5T   SYSTEM - _ «. a 

1        COOLI'iG  SYSTEM 15 15 15 15 15 j 
1        LUBRICATING   SYSTfV 26 26 26 26 26 1 
L      r.jEL SYSTEM {   2,489 2,096 2,489 2.489 2.096 
1        FNGINE   CONTROLS 42 42 42 _        42 42 
|        STAMING  SVSTEV 148 148 148 148                  14H                          1 
1       PROPELLER   INST. i         ____ 
1       »DRIVE   SYSTtV 4,485 _  4f4fr«; A.jon 4.485 4   ??0 , 
1    Fan Instl. 2r284 2.284 z.i7a 2;2ÖÖ 2! 09 5 
1   •■». X.   t>0*ER  PLANT 182 
1    INSTR.   AM)   NAV, 1        400   i             *  
L  .(YDP.    AMD   PNEU. 1        292 

tLECTRICAL  GRCbP !        775 ■                          i                         —                        i                     -   1 
I  (LECTK0MC3  GROUP 1,500 
L APVAVE\T  GROUP 2,000 i 
L  rUPN.   u   EQUIP.   GROUP 1   1.152 6.960 6f960 6.960 6.960 ,   
1        PERSON.   ACCOM. 

1        ■.IISC.   EQUIPMENT ~  
I          Fl,ftMSHl\GS 

1         LVLPG.   EQLIPVEST 

L -IF cm, a nr- ICINI" i        519 
-   - ■ -   — 

L  rupTOCRArMlc 

1    ALX1L1ARY   GtAR  140 1 

1                                               '                                                                       1 
1   '.'EG.   VARIATION Al* iif; 429 430 4.19 

»EIGHT   EVPTY 43.336 41,691 42,962 42.998 40.979 
1    FIXED   USEFUL   LOAD 1   1.335 1.335 1.335 1.335 i.-n5 1 

CRE* 1   1.200     1                    i ! 
TKAPPFD   LIQUIDS 1          70     l 

1          EN(,I\E.   OIL 1          65 
1    Combat Equip. 400 400 400 400 400 
1    FLFL 21.979 22,000 22.000 22.000 22r000 
1    CARGO 1.574 303 267 2,286 

PAS-.SIHGERS/TROfiPS 

1    r.fioSS   ALIGHT 67,000 67,000 67,000 67,000 67,000 
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SECTION XIV 

CONCLUSIONS AND RECOMMENDATIONS 

The studies presented in this Volume show that; 

1. The three basic mission aircraft (rescue, capsule recovery, 
and transport) have design gross weights of 67,000, 78,000, 
and 85,000 pounds, respectively. 

2. A multimission aircraft capable of fulfilling all the 
requirements of the three missions has a design gross weight 
of 104,000 pounds; even if "-.he use of a common propulsion 
system with different fuselages for each mission version is 
adopted. 

3. The rescue mission and the transport mission can be per- 
formed by aircraft of 67,000-pound design gross weight, 
having a common lift/propulsion system, if some reduction 
in the transport cargo box cross section is made. This 
compromise still gives a cargo volume larger than most 
fixed-wing or helicopter medium transport aircraft. 

4. A broad assessment of the baseline aircraft handling 
qualities shows that the short span and high inertia of 
the configuration gives rise to the problems of inadequate 
roll response at low speeds, and roll subsidence and spiral 
stability characteristics which do not meet military 
specifications. 

5. Preliminary assessment of the structural dynamic charac- 
teristics, based on the preliminary component design 
stiffness and mass properties, does not indicate any problem 
areas. 

6. A prototype vehicle could be designed and constructed 
utilizing present day materials and fabrication techniques, 
and conventional turboshaft and turbofan engines, which 
would be satisfactory for concept demonstration and 
operational evaluations. 

Based on the aircraft and component characteristics determined 
in the Phase I Design Studies, the test program detailed in 
the Test Plan for Phase II, Document D-213-10001-1, is 
recommended. 

PRECEDING PAGE BUNK 

29 7 



REFERENCES 

1. H. H., Pearcey, The Aerodynamic Design of Section Shades 
for siwept Wings, Aerodynamic Division, National Physical 
Laboratory, Teddinston, United Kingdom. 

2. Analysis of Propeller and Rotor Performances in Static 
and Axial Flight by an Explicit Vortex Influence Technique 
(EVIT), Boeing Report R-372A. 

3. Parametric and Preliminary Design Studies of High and Low 
Speed Cruise Fan Propulsion Systems, Report R65FPD217, 
Advanced Engine and**Technology Department, General Electric 
Company, 19 August 1965. 

4. Turbofan Power Plant Optimization Study, Report AK.0000-191, 
Allison Divxsion, General Motors Corporation, 21 February 
1966. 

5. R. L. Bisplinghoff, H. Ashley, and R. L. Halfman, 
Aeroelasticity, Addison - Wesley Publishing Company, Inc., 
Reading, Mass. 

6. The Royal Aeronautical Society Data Sheets, London, England. 

7. USAF Stability and Control DATCON, Contract No. AF 33(616)- 
6460, AP 33 (615)-1605, and F33615-67-C-U56, August 1968. 

8. "Advanced Filament Composite Materials", Study of Aircraft 
in Short Haul Transportation Systems, Contract No. NAS 2- 
3862, The Boeing Company, Renton, Washington, August 1967. 

9. "Advanced Materials and Structural Techniques" Proposal to 
Determine Design Criteria and Demonstrate Technology of a 
Prop/Rotor Aircraft, Report No. D8-2367-1, The Boeing 
Company, Vertol Division, Philadelphia, Pa., February 1969. 

10. J. R. fieyer, "Advanced Materials and Structural Techniques", 
1970 Long Range Environmental Forecast, Company Limited, 
Report No. D8-2298-1, The Boeing Company, Vertol Division, 
Philadelphia, Pa., Lecember 1968. 

11. A. Kelly, "Fiber-Reinforced Metals", Scientific America, 
1968, ("Metalliding", August 1969). 

PRECEDING PAGE BUNK 

299 


